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PREFACE. 


The  attention  of  the  reader  of  Volume  XXI.  of  the  Occasional  Papers 
for  1895  is  especially  directed  to  the  very  valuable  lectures  on 
BaUvHiy  Construction  delivered  by  Sir  Guilford  Molesworth,  K.C.I.E., 
M.LC.E.,  at  the  School  of  Military  Engineering  during  the  Autumn 
of  1894. 

Major  A.  J.  Hughes'  paper  on  Fidd  ArtiUery  and  Okthampion 
Experiences  gives  to  the  Military  Engineer  the  results  of  certain 
English  artillery  experiences  in  1893.  Such  information  must  always 
be  welcome  to  Royal  Engineer  officers,  from  the  fact  that  they  cannot 
properly  perform  a  coubiderable  part  of  their  duties  unless  they 
closely  follow  the  progr«  ss  being  made  in  the  construction,  use,  and 
effect  of  weapons  employed  for  the  destruction,  in  battle,  of  men  and 
materials.  The  paper  on  Ths  Battle  of  Woerth  was  written  some  years 
ago  by  the  late  Capt.  R-  da  Costa  Porter,  R.E.,  and  has  very  kindly 
been  contributed  by  his  widow.  Like  everything  else  that  came 
from  Capt.  Porter's  pen,  his  paper  affords  a  very  excellent  illustra- 
tion of  the  possible  uses  to  which  the  handmaiden  Engineer  arm 
can  be  put  during  a  battle.  The  tale  is  so  graphically  told  that  the 
reader  is  in  danger  of  imagining  that  everything  took  place  as  is 
described  in  the  paper.  Consequently  the  reader's  attention  is 
called  to  Capt.  Porter's  own  warning  on  the  subject  (see  p.  43  and 
footnote).  Major  W.  D.  Conner  in  his  paper  on  Fortification  in 
Savage  Warfare  has  collected  a  number  of  useful  examples  of  the 
employment  of  defensive  works  in  the  savage  wars  undertaken  by 
European  nations.    Naturally  the  majority  of  the  cases  are  drawn 
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from  British  experiences.  The  £ditor  has  contributed  the  paper  on 
2'he  Organization  of  the  Military  and  Administrative  Services  during  a 
Siege,  This  subject  has  hardly  been  considered  at  all  by  English 
military  writers,  though  the  *'  principles "  contained  in  it  are 
applicable  to  the  smallest  defensive  post.  The  latest  2'ables  of 
Service  Ordnance,  corrected  to  March,  1895,  are  published  with  the 
kind  permission  of  the  War  Office. 

Major  G.  K.  Scott-MoncrieflTs  paper  on  The  Design  of  Soldiers' 
Barracks  deals  with  a  subject  of  the  greatest  importance,  and  offers 
suggestions  which  cannot  but  be  useful  to  those  who  are  interested 
in  the  design  of  the  buildings  in  which  the  soldier  has  to  speni  his 
military  career.  The  ever  present  question  of  how  to  dispose  of 
the  sewage  of  our  houses  and  towns  is  discussed  by  Mr.  Chas.  H. 
Beloe,  M.I.C.E.,  in  his  paper  on  Sewage  Purification  by  the  Interna- 
tional Company  Process.  Major  H.  Appleton,  RE.,  has  contributed 
a  short  but  useful  paper  describing  The  Olvusda  Suspension  Bridge 
erected  across  the  Southern  White  River  in  Iceland.  The  special 
advantageous  features  of  this  bridge  are  noted  in  the  paper. 

Mr.  A.  A.  C.  Swin ton's  paper  on  Electric  Currents  of  High  Pressure 
and  Periodicity  deals  with  a  subjeuL,  the  utility  of  which  is  as  yet 
unforeseen.  The  physical  effects  of  such  currents  are  extraordinary^ 
but  like  so  many  other  discoveries,  time  and  the  rave  for  wealth  will 
doubtless  eventually  find  a  place  for  this  particular  cine  tiO  aid  in 
the  administration  of  the  wants  of  society. 

C.  B.  MAYNE,  Major,  R.E., 

Secretary,  R.  E,  Institute. 
-    Chatham. 

December  1st,  1895. 
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PAPER    I. 

FIELD  ARTILLERY  AND  OKEHAMPTON 
EXPERIENCES. 

By  Major  A.  J.  Hughes,  R.A. 


The  paramount  consideration  for  field  artillery  is  good  shooting  at 
the  right  time  and  from  the  right  place.     It  thus  requires — 

1.  Mobility. 

2,  Power  or  fire  effect. 

I  have  placed  mobility  first  because  considerations  of  mobility 
really  govern  the  power,  since  a  gun,  however  powerful,  can  be  of  no 
use  unless  it  can  be  brought  into  action  at  the  correct  time  and 
place. 

Mobility  is  a  very  large  subject,  but  in  this  lecture  I  propose  only 
to  go  into  it  sufficiently  to  explain  the  changes,  chiefly  those  with 
reference  to  the  ammunition  supply,  that  have  lately  taken  place- 
before  passing  on  to  the  consideration  of  power  and  effects. 

The  considerations  which  affect  mobility  are  of  two  natures — 

I.  Administrative  and  tactical. 
II.  Technical. 

B 


Digitized  by  VjOOQ IC 


The  former  includes — 

1.  Distribution  of  batteries  and  ammunition  columns. 

2.  Position  on  the  line  of  march. 
^.  Peace  training. 

The  latter  includes — 

1.  Weight  behind  team. 

2.  Method  of  draught  employed. 

Distribution  of  Batteries. 

We  and  all  foreign  nations  adopt  the  6-gun  battery  as  the  fire 
unit.  The  Austrians  and  Russians,  from  motives  of  economy,  have 
8-gun  field  batteries ;  their  horse  batteries  have,  however,  only  six 
guns,  as  the  8-gun  battery,  owing  to  its  being  so  large  a  command 
for  one  man,  has  not  sufficient  mobility. 

The  tactical  unit  is  the  brigade  division,  consisting  usually  of 
three  batteries  under  a  lieut.-colonel.  The  term  brigade  di^  ision  is 
not  a  happy  one,  and  various  suggestions  have  been  made  for  some 
simpler  name  ;  an  artillery  brigade  seems  the  natural  one. 

The  artillery  of  a  division  consists  of  one  brigade  division  of  three 
batteries  ;  the  corps  artillery  of  three  horse  and  two  field.  We  thus 
have  a  total  of  1 4  batteries  to  an  army  corps,  the  proportion  of  guns 
to  men  being  3'5  per  1,000 — considerably  less  than  foreign  nations, 
the  Germans  and  French  having  five,  the  Italians  nearly  four. 

A  cavalry  division  has  two  horse  artillery  batteries  attached  to  it. 
These  batteries  work  with  the  cavalry  division,  but  in  a  general 
engagement  would  take  their  place  in  the  general  line  of  artillery. 
This  necessity,  apart  from  the  complication  of  equipment,  is  the 
chief  objection  to  arming  the  horse  artillery  batteries  of  the  cavalry 
division  with,  as  is  often  proposed,  machine  guns,  since,  if  so  armed, 
they  would  be  comparatively  useless  during  the  artillery  duel. 

With  regard  to  the  ammunition,  there  are  three  sources  of 
supply— 

1.  That  with  the  guns. 

2.  The  divisional  reserve. 

3.  The  ammunition  park. 


the  limber  and  72  in  the  wagon.     On  the  line  of  march  each  wagon 


The  supply  with  the  guns  consists  of  108  rounds  per  gun — 36  in 
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follows  its  own  gun  ;  this  is  most  important.  Only  a  few  years  back 
all  the  wagons  of  a  bngade  division  were  placed  together  on  the 
line  of  march  in  rear  of  the  guns,  consequently,  when  the  artillery 
was  ordered  to  the  front,  the  guns  trotted  off,  followed  by  a  long 
line  of  wagons ;  the  former  were  allowed  to  pass  other  troops  all 
rights  but  directly  the  wagons  appeared  they  were  often  stopped, 
and  thus  were  cut  off  from  their  guns,  and  one  could  never  tell  when 
they  would  rejoin  them.  This  might  be  very  serious,  as  the  ammuni- 
tion in  the  limbers  with  rapid  fire  will  only  last  about  40  minutes. 

Prince  Kraft,  in  one  of  his  letters  on  artillery,  thus  relates  an 
experience  of  his  : — 

"On  the  morning  of  the  3rd  of  July,  1866,  as  I  was  about  to 
start,  the  commander  of  the  2nd  Field  Brigade  came  up  to  me  with 
the  request  that  I  would  allow  him  to  march  with  all  the  guns  of 
the  batteries  of  his  brigade  at  the  head  of  the  column,  and  would 
permit  the  whole  of  the  wagons  to  follow  in  rear,  saying  that  unless 
I  permitted  this  he  could  not  command  his  brigade  as  a  whole  in  its 
advance  against  the  enemy.  Hurried  as  I  was,  I  said  as  I  rode  off, 
'All  right;  do  as  you  like.'  I  bitterly  repented  this.  For  what 
happened  1 

"  The  orders  given  in  Koniginhof  by  the  General  commanding 
the  corps  directed  that  the  reserve  artillery  should  cross  the  Elbe 
at  Koniginhof  aft^r  the  1st  Division  of  the  Guard,  and  should  be 
followed  by  the  2nd  Division  of  the  Guard.  After  I  had  led  the 
head  of  the  reserve  artillery  into  Koniginhof,  and  begged  the  com- 
mander of  the  2nd  Division  to  allow  them  to  go  in  front  of  him,  I 
pushed  on  in  order  to  make  myself  acquainted  with  the  position  of 
the  battle.  In  the  meanwhile,  the  2nd  Division  of  the  Guard  had 
allowed  the  batteries  of  the  corps  artillery  to  pass  through  the 
town.  But  when  the  division  saw  nothing  but  ammunition  wagons 
following  (there  were  40  of  them)  they  mistook  them  for  an 
ammunition  column,  and  burning  for  action,  and  not  being  willing  to 
follow  the  *  train '  in  their  advance  against  the  enemy,  marched  off, 
forcing  the  wagons  to  make  way  for  them,  since  orders  had  been 
given  that  the  ammunition  columns  were  not  to  cross  the  Elbe.  In 
this  manner  the  ammunition  Wiigons  of  the  batteries  of  the  reserve 
artillery  were  missing  during  the  whole  of  the  battle,  as  they 
followed  in  rear  of  all,  and  had  then  to  find  their  batteries  on  the 
field  of  battle,  in  which  they  did  not  succeed  until  the  action  was 
already  over." 

He  then  goes  on  to  say  that  at  4.30  p.m.,  in  consequence  of  many 

b2 
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of  the  batteries  having  only  two  rounds  left,  he  was  forced  to  join 
in  the  retreat,  and  ends  the  account  with  the  words.  "  But  I  learnt 
one  lesson  b}'  this,  *  never  again  to  allow  the  batteries  to  be  separated 
from  all  their  wagons.'  " 

The  1st  reserve  of  ammunition  is  called  the  divisional  reserve,  and 
consists  of  39  carriages,  6  of  which  are  ammunition  wagons.  It 
carries  74  rounds  per  gun.  The  corresponding  reserve  for  the  corps 
artillery  is  called  the  corps  reserve,  and  carries  a  similar  amount 
per  gun  for  the  batteries  of  the  corps  artillery.  This  reserve 
marches  close  in  rear  of  the  combatant  troops.  If  more  than  one 
division  is  marching  on  one  road  the  G.O.C.  decides  as  to  whether 
each  marches  in  rear  of  its  own  division  or  in  rear  of  the 
whole  force.  The  2nd  reserve  is  called  the  ammunition  park,  and 
carries  72  rounds  per  gun.  It  is  divided  into  four  sections,  told  off 
respectively  to  the  1st,  2nd,  and  3rd  Divisions  and  the  corps  artillery. 
The  1st,  2nd,  and  3rd  sections  consist  of  26  carriages,  the  4th  of  . 
22 ;  they  all  march  together,  but  each  section  is  complete  in  itself, 
so  that,  should  a  division  be  detached,  its  section  of  the  ammunition- 
park  can  follow  it.  The  artillery  park  marches,  if  possible,  about  a. 
day's  march  in  rear.  The  total  rounds  carried  in  the  field  are, 
therefore,  256,  of  which  108  are  actually  with  the  guns. 

Most  foreign  nations  carry  considerably  more  rounds  in  the  fields 
and  hdve  on  an  average  30  more  tinth  ilie  battery. 

In  France  and  Germany  there  are  9  wagons  with  the  battery,  and 
in  Russia  12;  this  latter  shows  the  immense  importance  attributed 
by  the  nation  which  has  been  last  in  war — on  a  large  scale — to  a 
sufficient  supply  of  ammunition.  In  weight  of  ammunition  carried 
they  also  show  a  large  superiority,  their  horse  artillery  shell  averag- 
ing 151bs.  and  their  field  17lbs.  against  our  12^1bs. 

In  both  these  respects  it  is  hoped  we  shall  soon  be  better  off,  for 
the  new  horse  artillery  equipment  is  designed  to  carry  142  rounds 
per  gun,  and  a  new  wagon,  carrying  100  151b.  shell,  for  field  batteries 
has  been  tried  with  success.  This  increase  of  rounds  carried  is  in  a 
great  measure  due  to  the  saving  in  weight  affected  by  the  introduc- 
tion of  cordite.  Thus  the  charge  for  the  horse  artillery  gim  is  only 
12ozs.,  and  that  for  the  regular  12-pounder  lib.,  instead  of  4lbs.. 
black — a  saving  of  nearly  Icwt.  per  limber. 

Position  on  the  Line  of  March. 

This  has  now  to  be  as  far  forward  as  is  consistent  with  safety. 
Artillery,  owing  to  its  long  range,  should  be  the  first  to  come  into- 
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action,  to  prepare  the  way  for,  and  cover  the  deployment  of  its 
infantry.  Formerly,  guns  were  kept  in  reserve,  and  not  launched 
into  the  fight  until  the  decisive  moment ;  once  in  action  they  were 
practically  out  of  the  commander's  hands,  and  could  not  be  moved. 
Nowadays  i-anges  are  so  long  that  in  the  earlier  stages  of  the  fight  it 
is  easy  to  move  batteries. 

In  1866  the  Prussians  had  not  recognized  this.  In  their  columns 
the  artillery  was  placed  far  to  the  rear,  and  seldom  made  its  appear- 
ance until  too  late  to  be  of  much  use.  The  Austrians,  on  the 
contrary,  had  theirs  well  to  the  front.  Thus  at  the  battle  of  Nachod 
the  Austrians  had  y6  guns,  the  Prussians  90 ;  of  these,  by  11  a.m., 
there  were  in  action  12  Prussian  against  32  Austrian;  by  noon,  18 
Pnissian  against  32  Austrian;  by  4.30  p.m.,  18  Prussian  to  80 
Austrian.     Subsequently  the  Prussian  total  was  made  up  to  66. 

After  1866  the  Germans  set  to  work  to  organize  and  train  their 
artillery  in  accordance  with  the  experience  gained,  and  in  1870  we  saw 
the  result.  Here  the  artillery  is  always  well  forward  on  the  line  of 
march,  and  deployed  in  full  force  at  the  commencement  of  the  fight. 
At  Worth  the  V.  Corps  (the  same  corps  that  was  so  slow  at  Nachod) 
was  deploy' ed  before  its  infantry.  Again,  the  XII.  Corps,  moving 
through  the  Forest  of  Beaumont,  had  the  whole  of  its  artillery  close 
at  the  head  of  the  main  body — only  one  company  of  infantry  in 
front.  As  a  consequence,  they  were  able  to  cover  the  deployment 
of  the  infantry  from  the  wood. 

Peace  Training. 

Every  attempt  is  now  made  to  make  this  as  thorough  a  preparation 
for  war  as  possible.  Batteries  are  trained  to  move  over  long 
distances  and  at  a  rapid  pace.  For  coming  into  action  two  well- 
defined  systems — the  direct  and  the  deliberate — are  laid  down,  the 
former  for  use  when  the  range  is  short  and  target  distinct,  and  the 
latter  when  the  i-ange  is  long  and  the  battery  can  approach  its  firing 
position  under  cover. 

The  regulations  for  the  ammunition  supply  are  also  very  clearly 
defined.  Thus  at  the  commencement  of  a.n  action  the  supply  is 
always  from  the  wagons,  that  in  the  limbers  being  kept  intact  as 
long  as  possible.  Directly  a  battery  moves  into  action  the  captain 
sends  forward  three  wagons.  These  form  up  4  yards  in  rear  of 
their  guns,  and  the  teams  unhook. 

The  captain  forms  up  the  other  three  wagons  from  200  to  400 
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yai-ds  in  rea.r;  thoy  are  joined  by  the*  gun  limbers  and  teams  of 
the  front  wagons.  About  one  mile  in  rear  comes  the  divisional 
reserve,  and  a  day's  march  in  rear  is  the  ammunition  park. 

The  supply  is  what  is  called  worked  from  the  rear  to  the  front, 
that  is  to  say,  the  rear  echelon  has  to  keep  touch  with  the  one  next 
in  front  of  it,  and  the  ammunition  is  to  be  offered  and  not  called  for. 

Weight  Behind  Splinter-Bar. 

The  weight  behind  the  splinter-bar  for  horse  artillery  should  not 
exceed  SOcwt,  and  for  field  artillery  about  37cwt. 

At  present  our  horse  artillery  is  badly  over-weighted,  and  even  in 
peace-time,  on  really  long  hard  days,  is  unable  to  keep  up. 

The  new  horse  artillery  equipment,  a  light  1 2-pounder  having  a 
velocity  of  1,550  f.s.,  will  greatly  improve  us  in  this  respect,  the 
weight  of  gun  and  limber  being  30cwt.  3qrs.,  and  that  of  wagon 
30c wt.  Iqr. 

System  of  Draught. 

Up  to  now  we  have  been  the  sole  possessors  of  shaft  draught,  and 
although  many  doubted  the  wisdom  of  it,  it  held  its  own,  until  the 
drill  of  wagon  supply  and  consequent  necessity  of  rapidly  unhooking 
the  teams  brought  the  question  to  the  front.  For  the  last  three 
years  extensive  trials  have  been  carried  on  with  various  systems,  and 
it  has,  I  believe,  been  decided  to  introduce  a  modification  of  the 
Swiss  system. 

The  advantages  of  pole  draught  are  — 

1.  Horses  all  interchangeable,  no  special  heavy  horses  being 
required  for  the  off  wheeler. 

2.  Fallen  horses  more  easily  disengaged. 

3.  More  and  better  distributed  power  of  holding  back. 

4.  Freer  movement  of  the  wheel  horses. 
The  disadvantages  are — 

1.  Increased  weight  on  the  wheel  horses'  necks,  liable  to  cause 
galls. 

2.  Not  so  handy  for  driving  over  rough  ground. 

The  balance  of  advantage  rests  decidedly  with  the  pole ;  in  fact, 
it  is  a  necessity  now  that  the  wagon  horses  are  unhooked. 

The  five  systems  tried  were  two  Gei-man,  the  Indian,  American, 
and  Swiss. 

The  first  two  have  long  poles  with  a  hook  at  the  end  and  swingle 
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trees,  to  which  the  centre  horses  are  attached ;  the  last  three  have 
du*ect  draught,  as  in  the  shaft  system. 

In  the  swingle  tree  system  the  weight  of  the  polo  is  taken  hy  the 
centre  horses  when  the  team  is  in  draught,  and  it  is  only  when  the 
ti-aces  are  slack' that  the  weight  comes  on  the  necks  of  the  wheelers. 
In  the  other  systems  the  pole  is  shorter  and  lighter,  but  its  weight  is 
never  otF  the  wheel  horses. 

The  one  most  hked  was  the  Swiss,  and  the  new  horse  artillery 
limbers  are  fitted  with  it.  It  consists  of  a  pole  of  medium  length 
supported  by  a  wooden  cross-bar  buckled  to  the  bottom  of  the 
wheelers'  collars. 

The  pole  chains  are  not  attached  to  the  collar,  but  connected  by 
a  strap  directly  with  the  breechings ;  the  strain  of  stopping  the 
can'iages  is  thus  taken  entirely  by  the  breechings.  The  trace 
draught  is  similar  to  that  with  shafts,  except  that  those  of  the 
wheelere  are  hooked  to  swingle  trees.  To  unhook,  the  pole  chains 
have  to  be  cast  loose,  and  the  wheelers*  swingle  trees  unhooked. 
The  horses  can  then  move  straight  to  the  front. 

All  the  horses  carry  breeching,  and  have  exactly  similar  harness. 


II. 


Power. 

First,  what  is  Held  artillery  fire  effect  ?  It  is  most  certainly  man 
killing,  and  not  the  destruction  of  material  or  earthworks.  It  is  of 
no  use  even  attempting  to  silence  artillery  by  the  destruction  of  its 
guns  and  carriages.  All  war  experience  goes  to  prove  this.  Prince 
Kraft,  talking  of  the  battle  of  Konnigratz,  says  : — 

"  We  captured  nearly  i^OO  guns;  not  one  in  the  whole  number,  as 
far  as  I  know,  had  been  injured  by  fire.  The  reports  of  the 
victorious  infantry  declare  that  they,  in  general,  captured  only  such 
guns  as  had  lost  their  teams  by  fire." 

Again,  in  1870,  in  Von  Dresky's  account  of  Chilleurs  aux  Bois,  we 
read  : — 

"  As  for  the  effect  of  our  fire  on  that  day,  we  found  afterwards  on 
passing  the  abandoned  positions  of  the  French  a  certain  number  of 
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gunners  and  horses  killed  and  wounded;  not  a  gun  was,  however, 
jmfc  out  of  action." 

Numberless  similar  instances  could  be  quoted;  it  was  the  same 
throughout  the  war.  Whilst  as  to  the  destruction  of  persmmel  we 
find  whole  batteries  put  out  of  action  by  the  loss  of' nearly  all  their 
men  and  horses  in  the  fighting  line,  and  although  replaced  after- 
wards the  loss  is  still  a  permanent  one. 

When  high  muzzle  velocity  was  first  introduced  it  was  thought 
by  many  that  it  would  enable  field  artillery  to  produce  effects  on 
material,  and  the  12-pounder  was  designed  rather  to  fire  a  long 
common  shell  having  a  high  velocity  with  great  accuracy  than  with 
regard  to  its  shrapnel  effects.  Experience  soon  showed  that,  not- 
withstanding high  muzzle  velocity,  field  artillery^  was  still  powerless 
to  damage  material.  High  explosives  in  field  guns  have  also,  up  to 
now,  proved  useless  in  this  respect.  Great  attention  has,  therefore, 
been  lately  paid  to  obtaining  better  results  from  shrapnel. 

Simplicity  in  ammunition  is  rightly  held  to  be  such  an  advantage 
that  everyone  is  striving  to  obtain  a  general  utility  shell,  and  of  all 
the  projectiles  now  in  use  shrapnel  most  nearly  fulfils  field  artillery 
requirements,  for  it  gives  most  fragments,  covers  the  greatest  depth, 
is  efficient  against  troops  in  houses,  and  is  fairly  efficient  for  ranging 
purposes. 

Let  us  now  consider  the  ammunition,  gun,  and  carriage,  in  order 
to  see  how  to  obtain  the  best  results  from  the  weight  allowed  by 
mobility. 

Ammunition.* 

The  projectiles  now  in  use  are  common,  ring,  case,  shrapnel,  and 
high  explosive. 

Common. — Of  this  we  are  the  sole  possessors.  It  is  a  tough  steel 
shell  containing  a  burster  of  lib.  8ozs.  In  consequence  of  its  tough- 
ness, it  only  breaks  into  a  few  pieces ;  in  fact,  it  does  not  really 
burst,  but  rather  tears  open.  Its  effect  on  personnel  is  very  small ; 
neither  is  it  of  any  use  against  earthworks. 

Plate  II.  represents  the  section  of  the  front  face  of  a  hasty  field 
redoubt  at  Okehampton.  The  front  parapet,  40  yards  long,  was 
6  feet  high  and  7i  feet  thick;  the  splinter-proof  casen>ate  was  of 
similar  length,  and  placed  13  yards  in  rear;  the  earth  on  the  top 
being  4  feet  thick. 

It  was  fired  at  for  19  minutes,  during  which  time  53  common 
*  See  Plate  I. 
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Avere  used.  The  effect  on  the  front  parapet  was  very  little ;  for 
about  10  yards  in  length  the  height  was  reduced  to  about  4  feet, 
and  at  one  place  to  about  2  feet  6  inches.  Only  seven  shells  struck 
the  top  of  the  casemate,  and  these  all  glanced  off  harmlessly. 

Common  is  used  now  simply  as  a  ranging  shell,  for  which,  owing 
to  its  large  visible  burst,  it  is  certainly  good;  at  the  same  time,  since 
it  produces  little  or  no  effect  on  personnel,  it  is  rather  a  waste ;  and 
also  it  is  a  bad  principle  to  find  the  range  with  one  shell  and  then 
<*hange  to  another  having  a  different  balance,  and  consequently  not 
i-anging  the  same.    No  more  common  shell  are,  however,  being  made. 

Jiing. — Is  an  improved  common,  and  is  used  by  all  foreign  nations 
except  the  French  and  Germans,  the  latter  having  just  given  it  up. 
It  is  very  similar-to  the  old  segment  shell,  and  consists  of  a  number 
of  rings  built  up  and  then  cast  iron  run  round  them.  In  the 
experimental  one  of  the  12-pounder  there  were  13  rings;  the 
burster  of  8ozs.  was  placed  down  the  centre.  It  breaks  into  a*  large 
number  of  fragments,  about  120,  and  has  a  large  angle  of  opening. 
Owing  to  this  being  so  large,  and  to  the  irregular  shape  of  the 
pieces,  the  latter  soon  lose  velocity  ;  the  dangerous  space,  therefore, 
is  not  very  deep.  The  burster  is,  however,  large  enough  for  rang- 
ing purposes,  and  at  the  same  time  the  shell  produces  large  local 
etl'ects.  Thus  5  rounds  of  r2-pounder  ring  shells  gave  343  hits  on 
a  target  60  feet  by  6  feet. 

It  has  already  been  introduced  for  the  2o-inch  mountain  gun. 

Case. —  Is  a  special  projectile  only  used  in  exceptional  cases,  about 
which  there  can  be  no  doubt.  Our  case  contains  a  very  large  number  of 
bullets,  but  they  are  consequently  very  small,  35  to  the  pound.  Abroad 
they  have  much  larger  bullets,  ninning  from  9  to  12  to  the  pound. 
On  account  of  their  lightness,  our  bullets  soon  lose  their  velocity, 
and  at  300  yards  the  pruportion  of  ineffective  bullets  is  very  large. 
Experiments  have  lately  been  made  with  the  bullets  enclosed  in  a 
wire  bag,  in  order  to  make  them  keep  together ;  the  effect,  how- 
ever, was  no  better  than  before,  and  it  seems  as  though  one  must 
give  up  the  small  bullets  and  take  to  larger  ones.  Five  rounds  of 
12-pounder  at  a  range  of  300  yards  gave  only  3  throughs  to  199 
lodges  and  31  strikes  on  a  target  162  feet  by  9  feet  by  2  inches. 
At  209  yards  there  were  66  throughs  to  250  lodges  and  31  strikes. 
Cordite  has  further  increased  the  difficulty  of  obtaining  a  good  case 
shot ;  for  cordite  only  acts  under  strong  pressure,  and  it  is  found 
that  the  resistance  offered  by  case  is  so  little  that  it  is  rather  pushed 
•out  of  the  gun  than  blown  out. 
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Shrapnel. — This  is  now  generally  considered  the  field  artillery 
shell.  There  are  two  distinct  types — the  head  burster,  repre- 
sented by  the  12-pounder,  and  the  base  burster,  represented  by 
the  13-pounder. 

The  12-pbunder  shell  is  made  of  steel  tubing,  pressed  in  at  the  top. 
The  burster  is  contained  in  a  tin  cup  in  the  head.  The  bullets — 
177 — are  set  in  resin,  and  the  base  is  rivetted  on.  Its  time 
action  is  as  follows  : — When  the  bursting  charge  explodes  the  base  is 
blown  off,  the  body  goes  on  intact,  and  the  bullets  spin  out  behind 
in  a  cone,  forming  on  the  ground  a  long  oval  pattern.  The  depth  of 
this  dangerous  ground  decreases  as  the  range  gets  longer.  When 
burst  about  50  yards  short  at  a  range  of  1,000  yards,  it  is  about  300' 
by  17  ;  2,000  yards,  250  by  25  ;  3,000  yards,  200  by  29.  Theoreti- 
cally, it  is  considerably  more,  but  I  believe  these  are  the  distances 
that  can  fairly  be  claimed  from  actual  results  on  level  ground.  This 
depth  covered  is  what  places  shrapnel  so  far  ahead  of  any  other  pro- 
jectile against  troops  in  the  open.  If  the  ground  slopes  to  the  rear 
the  depth  is  increased,  if  to  the  front  it  is  decreased  and  its  intensity 
increased.  Comparing  the  two  types,  one  finds  the  advantages  of 
the  head  burster  are — 

More  bullets. 
Quicker  action. 

Disadvantages — 

Increased  angle  of  opening. 
Loss  of  velocity. 

Mare  Bullets. — The  bullets  represent  the  useful  part  of  the  shell,, 
and,  on  account  of  the  absence  of  the  channel  down  the  centre,  they 
are  more  in  number  in  a  shell  with  a  burster  in  the  head  than  when 
it  is  in  the  base. 

Quicker  Action. — This  renders  the  head  burster  a  more  efficient 
percussion  shell,  for  it  opens  before  it  has  time  to  rise,  whilst  when 
the  charge  is  in  the  base  the  flash  has  to  pass  down  from  the  fuze  to 
the  charge,  and  the  time  it  takes  doing  this  allows  the  shell  to  rise 
some  distance  from  the  ground  before  exploding,  and  many  of  the 
bullets  are  thrown  upwards  over  the  top  of  the  target. 

Increased  Angle  of  Opening. — The  bullets  being  checked  by  the 
head  burster,  the  angle  of  opening  is  increased,  thus  rendering  more 
bullets  ineflective  and  requiring  a  more  accurate  fuze,  for  the  larger 
the  angle  of  opening,  the  closer  to  the  target  must  the  shell  be 
burst. 

Loss  of  Velocity. — The  velocity  lost  by  the  bullets  due   to   the= 
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retarding  effect  of  the  head  burster  is  about  140  f.s.,  whereas 
with  a  hose  burster  there  is  a  corresponding  gain.  It  follows,  there- 
fore, that  if  a  base  burster  is  used  you  can  afford  to  have  a  gun  with 
a  lower  velocity.       * 

The  French  shrapnel,  like  ours,  has  a  head  burster,  but  its  action 
is  somewhat  different.  It  contains  160  bullets  and  76  segments^ 
and  the  charge  is  contained  in  a  cast-iron  head.  On  exploding,  it 
blows  the  whole  shell  open  and  must  have  a  large  angle  of  opening. 
They,  however,  appear  to  have  accepted  this  as  an  evil  that  is  more 
tlian  balanced  by  the  great  advantage  of  having  only  one  shell  fairly 
good  all  round. 

They  are  even,  I  believe,  going  further,  and  are  considering 
whether  they  should  not  replace  part  of  the  bullets  by  some  burning 
composition  so  as  to  be  able  to  use  it  to  set  villages  on  fire.  In  this 
respect  the  great  number  of  shrapnel  now  carried  has  rendered  the 
artillery  of  the  present  day  much  worse  off  than  formerly.  I  believe 
the  Austrians  still  carry  shell  filled  with  a  burning  composition,  and 
in  1866  were  on  several  occasions  able  to  set  villages  on  fire  iii  a  few 
minutes.  The  Prussians,  on  the  contrary,  tried  in  vain  to  do  so.  In  1870 
it  was  only  after  long-continued  firing  that  villages  were  set  on  fire, 

High-Explosive  Shell, — This  is  a  long  steel  shell  filled  with  a  high 
explosive.  On  exploding  it  is  burst  into  a  great  number  of  very 
small  pieces,  which  are  projected  violently  in  all  directions  ;  few  of 
these  pieces  are  larger  than  the  finger  nail,  and  their  effect  devastat- 
ing on  the  spot  is  limited  to  a  very  short  radius,  one  French 
authority  (Colonel  Langlois)  putting  it  at  as  little  as  15  yards. 
The  shell  thus  compares  very  unfavourably  with  shrapnel,  having 
regaixl  to  the  amount  of  ground  covered.  It  has,  however,  been 
introduced  by  the  French  and  Germans  in  the  hope  of  being 
able  to  reach  troops  behind  cover;  neither  propose  to  use  it 
against  troops  in  the  open.  The  Germans  advise  its  being  used  with 
a  time  fuze,  to  destroy  the  personnel  by  bursting  it  just  over  or  be- 
yond the  crest,  in  which  case  the  all-round  effect  might  search  the  in- 
terior. The  French,  on  the  other  hand,  keep  rather  to  the  idea  of  using 
a  percussion  fuze  and  reaching  the  defenders  b}'  breaching  the 
parapet.  Up  to  now  not  much  success  has  attended  either  method. 
The  former  because  in  field  guns,  the  remaining  velocity  being  fairly 
large  and  the  burster  small,  even  the  high  explosive  does  not  fully 
overcome  the  forward  velocity ;  the  latter  because  the  charge  of 
high  explosive  contained  in  any  field  artillery  shell  is  so  small  that 
its   eff'ects  on  earth   are   limited;    these,  although   greater   than 
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when  black  powder  is  used,  are  still  so  small  that  to  produce  any 
appreciable  effect  a  tremendous  expenditure  of  ammunition  is 
necessary.  Furthermore,  most  are  smokeless;  it  is  very  hard, 
therefore,  to  tell  what  one  is  doing.  Against  troops  in  houses  it 
would  probably  be  more  effective. 

As  a  consequence  of  the  failure  of  obtaining  results  on  earth- 
works from  field  artillery,  even  with  high  explosives,  nations  are 
experimenting  with  field  howitzers,  and  with  them  better  effects 
should  be  obtained  in  both  cases,  because  the  charge  is  large  and 
velocity  small.  The  Russians,  Austrians,  and  Swiss  have  for  some 
time  possessed  howitzer  batteries.  The  Russian  is  a  6-inch.  Its 
common  shells  weigh  601bs.,  and  has  a  burster  of  lOlbs.  Its 
shrapnel  weighs  681bs.,  and  has  683  bullets. 

The  Swiss  have  a  401b.  ring  shell,  with  a  burster  of  2lbs.  2ozs.  Its 
shrapnel,  391bs.  and  475  bullets. 

The  great  drawback  to  them  is  their  want  of  mobilit}^  for 
although  the  weight  of  the  howitzer  itself  may  be  kept  within  suit- 
able limits,  the  ammunition  cannot.  The  Russians  carry  92  rounds 
per  howitzer,  and  to  do  this  have  36  carriages  in  the  battery,  and 
occupy  600  yards  of  road. 

The  Gun. 

The  two  great  questions  with  regard  to  the  gun  are — 

1.  That  of  velocity. 

2.  Should  it  be  a  quick-firer  ? 

Shnll  tlie  Velocity  he  High  or  Low  ? — It  is  perhaps  better  to  say  high, 
or  medium,  for  when  one  speaks  of  low  velocity  in  a  field  gun  one 
really  means  a  velocity  of  about  1,500  f.s.,  and  not  one  such  as  a 
howitzer  has.  Let  us  examine  shortly  the  respective  advantages 
and  disadvantages  of  high  velocity. 

High  Velocity. 
Advantages — 

1.  Flat  trajectory. 

2.  High  bullet  velocity  giving  deep  dangerous  zone. 

3.  Better  ricochet  effect  of  bullets. 

4.  Range  and  accuracy. 

5.  Smaller  bullets,  and,  therefore,  more  of  them. 
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Disadvantages — 

1 .  Effect  on  carriage. 

2.  Excessive  recoil. 

3.  Inaccuracy  due  to  jump. 

4.  Difficulty  to  obtain  a  good  shell. 

5.  Difficulty  of  fuze. 

6.  Want  of  searching  power. 

7.  Wide  angle  of  opening, 
d.  Light  shell. 

Advantages. 

1.  Flat  Trajectory, — No  real  difference  when  considering  shrapnel 
fire  from  field  guns  having  a  velocity  of  1,500  to  2,000  f.s.  Also  any 
small  difference  in  the  trajectory  is  neutralized  by  the  increased 
angle  of  opening  of  the  shell.  One  must  remember  that  the  trajec- 
tory of  any  field  gun  is  never /a^  like  that  of  a  rifle.  Neither  does 
the  effectiveness  of  a  gun  depend  on  its  trajectory  like  a  rifle. 

In  the  rifle  the  depth  of  its  dangerous  zone  depends  entirely  on 
the  flatness  of  its  trajector3\  In  the  gun  this  is  not  the  case,  for  the 
gun  is  judged  by  its  shrapnel  effect,  and  a  good  shell  depends  on 
many  factors,  i.e.,  trajectory,  position  and  size  of  burst,  angle  of 
opening,  number  of  bullets,  velocity  at  point  of  buist.  In  designing 
a  gun  and  shell  they  must  all  be  considered. 

The  differences  in  the  angle  of  descent  of  a  12-pounder  with 
muzzle  velocities  of  1,700  and  1,500  f.s.  are  : — 


M.V. 

1,000 
yards. 

2,000 
yards. 

.3,000 
jardM. 

4,000 
yardi*. 

Range. 

1,700 

1,500 

r    V 

r  19' 

r  22' 

r    6' 

6"  51' 

7**  55' 

\r  29' 
13'     5' 

(     =  Angle     of 
(         descent. 

»»          »» 

Differences     ... 

O**  18' 

0"  44' 

r  4' 

V  3C' 

and  these  are  too  small  to  make  any  appreciable  difference  in  the 
effect  of  the  shell 

2.  Greater  Depth  of  Bullet   Zone. — ^This  is  the  great  advantage 
claimed,  but  at  present  it  is  hard  to  tell  what  it  actually  is.     Up  to 
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^,000  yards  there  is  not  much  difference,  but  beyond  that  the  high 
muzzle  velocity  exhibits  an  advantage.  General  Nicholson,  com- 
paring a  12-pounder  shell  fired  with  a  muzzle  velocity  of  1,700  with 
one  of  1,500,  gives  the  ground  covered  by  the  bullets  at  a  range  of 
3,000  yards  as  291  and  206  yards  respectively.  Practice  apparently 
makes  both  considerably  less. 

Further,  in  considering  this  one  must  remember  that  the  velocity 
of  the  bullets  and  depth  of  ground  covered  depends  not  on  the 
muzzle  velocity,  but  on  the  remaining  velocity  of  the  shell  at  the 
point  of  burst.  Now  the  remaining  velocity  depends  greatly  on  the 
transverse  density  of  the  shell,  that  is  to  say,  the  heavier  the  shell 
and  the  less  its  diameter  the  longer  will  it  preserve  its  velocity. 

By  reducing  the  12-pounder  velocity  to  1,550,  it  is  found  that  a 
151b.  shell  can  be  fired.  This  shell  will  preserve  its  velocity  better, 
and  at  2,000  yards  is  already  3  feet  ahead,  having  at  that  range  a 
velocity  of  996  against  993. 

By  thus  reducing  the  muzzle  velocity,  one  has  gained  a  greater 
velocity  at  the  destructive  point,  i.e.,  the  enemy's  end  of  the  range, 
and  also  a  heavier  and  more  powerful  shell. 

Some  experiments  made  showed  that  a  good  151b.  shell  gave 
50  per  cent,  more  hits  than  a  good  r2lb.  shell,  and  that  the  pro- 
]>ortion  of  effective  to  non-effective  bullets  was  also  greater  in  the 
former. 

3.  Better  Ilicocliet  awing  to  Increased  Velocity  of  Bullets, — Here 
again  it  is  a  question  of  remaining  velocity  and  not  muzzle  velocity, 
and  in  any  case  the  advantage  is  very  small. 

4.  Ikinge  and  Accuracy. — 1,500  is  quite  good  enough  for  range  and 
accuracy;  by  increasing  it  over  1,500  no  further  advantage  is  gained. 

5.  Smaller  Bidlets,  and,  there/are,  more  of  them. — Our  bullets  are 
quite  small  enough ;  if  smaller  they  would  lose  their  velocity  so  much 
quicker  that  although  they  might  start  with  a  greater  velocity,  the 
dangerous  zone  would  not  be  so  deep. 

Disadvantages, 

1.  Effect  on  Carriage. — High  velocity  causes  a  great  strain  on  the 
carriage,  and  it  has  to  be  made  heavier  in  consequence. 

M.V. 

1,700.     Strain  on  12-pounder  carriage  =  4, 620lbs. 
1,500.  „  „  „         -3,475  „ 
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If  the  present  carriage  is  lightened   by  2001bs.,  the  strain  in  the 
latter  case  becomes  3,8521bs. 

2.  Excessive  Recoil. — Makes  it  hard  to  keep  up  a  rapid  fire. 

3.  Inaccuracy  due  to  Jump, — Not  of  much  account. 

4.  Difficulty  to  obtain  a  Good  Shell, — The  shock  of  discharge  being 
great,  the  shell,  if  of  forged  steel,  has  to  be  tough  to  avoid  prema- 
tures, and  as  a  consequence  does  not  break  up  at  the  enemy's  end  of 
the  range ;  if  of  cast  metal,  the  wall  must  be  thick,  and  thus  useful 
bullet  space  is  lost. 

5.  Fu^e. — High  velocity  is  very  hard  on  fuzes.  It  affects  the 
burning  greatly,  and  at  the  same  time,  to  get  the  same  accuracy  of 
burst,  reqiu'res  more  accurate  fuzes ;  since  an  error  in  the  time  of 
burning  will  cause  a  greater  error  in  the  position  of  the  burst  of  a 
high  velocity  shell  than  in  that  of  a  low  one. 

6.  jyant  of  Searching  Power, — Both  are  very  deficient  and  practi- 
cally alike  in  this  respect,  the  increased  angle  of  opening  of  the 
high  velocity  shell  compensating  for  the  increased  angle  of  descent 
of  the  low  velocity. 

7.  JFide  Angle  of  Opening. — Requires  shell  to  be  burst  closer,  and, 
therefore,  requires  a  more  accurate  fuze,  which  is  just  what  high 
velocity  prevents.  At  the  same  time,  the  twist  of  rifling  has  more 
to  do  with  the  angle  of  opening  than  the  velocity.  Reducing  the 
twist  of  the  horse  artillery  gun  from  1  in  28  to  1  in  40  increased 
the  effect  of  a  good  shrapnel  by  about  33  per  cent.  The  1  in  40 
did  not,  however,  centre  the  shell  sufficiently.  A  twist  of  1  in  35 
is  now  being  tried,  but  even  this  hardly  centres  the  shell  properly, 
and  one  will  probably  be  forced  back  to  the  1  in  28,  unless  a  uniform 
twist  which  should  act  better  with  cordite  is  tried.  Experiments 
abroad  have  shown  that  reducing  the  twist  of  8-c.m.  from  1  in  25  to 
1  in  32  increased  the  effect  of  time  shrapnel  by  about  25  per  cent, 
at  2,000  yards. 

8.  Light  Shell. — The  carriage  and  gun  will  stand  a  certain  strain, 
which  increases  directly  with  the  velocity  and  weight  of  shell.  If 
you  increase  one  you  must  decrease  the  other.  Thus  with  the 
12-pounder,  as  previously  stated,  one  can  have  the  choice  of  a  121b. 
shell  and  muzzle  velocity  of  1,710,  or  a  151b.  shell  and  a  muzzle 
velocity  of  1,550,  and  there  is  no  doubt  that  the  latter  is  the  more 
powerful  combination.  Of  course,  if  it  was  only  a  question  of  high 
or  medium  velocity,  and  one  could  get  high  velocity  without  its 
drawbacks,  it  would  be  excellent,  as,  other  things  being  equal,  high 
velocity  gives  a  greater  proportion  of  throughs. 
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QUICK-FlRERS.* 

First,  what  is  a  QF.  1  There  is  often,  I  think,  considerable  mis- 
apprehension of  the  term.  A  true  QF.  must  fulfil  the  following 
conditions : — 

1.  It  must  fire  fixed  ammunition  and  smokeless  powder. 

2.  Breech  action  must  be  rapid  and  simple,  and  must  extract  the 
empty  cases. 

3.  No  recoil,  or  if  recoil  the  gun  should  return  to  its  position. 

4.  The  layer  should  be  undisturbed. 

1.  Fixed  Ammunition. 

The  advantages  of  this  are — 

The  Poicder  is  better  preserved. 

The  Case  forms  a  good  obturator,  and  gets  rid  of  vents,  ram- 
ming home,  and  our  clumsy  method  of  firing.  The  question  of  vents 
is  a  great  one,  for  as  long  as  the  vent  is  not  gas-sealing  cordite  very 
rapidly  wears  it  away  ;  with  black  powder  the  open  vents  last  for 
100  rounds  or  more,  whereas  with  cordite  they  wear  out  in  about 
a  dozen.  If  no  escape  of  gas  takes  place  it  rs  all  right,  but  great 
difficulty  has  been  experienced  in  doing  this  successfully. 

On  the  other  hand,  the  disadvantages  of  the  fixed  ammunition- 
are  : — 

Extra  Weight. — The  weight  of  the  cases  is  all  so  much  dead  weight, 
Hotchkiss  has,  I  believe,  aluminium  cases  which  weigh  only  iths  of  a 
pound,  but  it  is  very  doubtful  if  these  light  cases  will  stand  knock- 
ing about.  We  in  our  heavy  quick-firers  now  have  the  cases 
separate  from  the  shell,  as  it  was  found  the  cases  would  not  stand 
the  weight  of  the  shell.  The  Nordenfelt  case  weighs  lib.  lOozs. 
This  is  probably  as  light  as  is  consistent  with  the  requisite  strength. 

Necessity  for  Extracting  the  Cases. — This  leads  to  the  breech  action 
being  more  complicated  ;  further,  there  is  the  danger  of  the  cases- 
jamming  should  they  become  dented  in  travelling. 

2.  Rapidity  of  Breech  Action. 

This  is  common  to  all  breechloaders.  The  12-pounder  is  rapid, 
and  the  slowness  of  fire  with  it  is  not  due  to  the  breech  action,  but 
to  the  time  occupied  in  running  up,  laying,  and  setting  fuzes. 

*  Appendix  B  gives  the  details  of  the  QF.'s  at  present  in  the  6eld. 
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3.  NoRecoU. 

This  is  certainly  a  great  advantage,  both  in  saving  labour  and 
time.  A  non-recoil  gun  can  be  worked  with  fewer  men;  it  also 
would  make  the  protection  given  by  a  shield  more  efficient,  since 
the  numbers,  not  having  to  step  clear  of  the  recoil,  are  always 
sheltered.  The  Nordenfelt  QF.  is  fitted  with  a  removable  shield, 
but  I  do  not  know  where  it  is  to  be  carried. 

The  disadvantages  of  the  non-recoil  carriage  are — 

Heavy  lift  at  the,  trail. 

Carriage  com/plicated  with  a  traversing  gear,  necessary,  because  the 
plough  digs  a  deep  hole  in  the  ground,  and  after  a  few  rounds  one 
cannot  traverse. 

The  Hotchkiss  QF.  has  not  the  traversing  arrangement,  con- 
sequently after  the  first  few  rounds  you  cannot  correct  the  direction 
without  starting  afresh,  the  designer  apparently  considering  that  as 
field  artillery  targets  are  as  a  rule  broad,  this  is  a  lesser  evil  than 
a  complicated  traversing  arrangement. 

4.  The  Layei'  should  he  Undisturbed, 

This  latter  condition  has  up  till  now  not  been  fulfilled  by  any 
field  QF.  Look  at  the  difference  between  a  field  QF.  and  a 
garrison  one.  Plate  I.  shows  the  4-7-inch  ;  with  it  the  layer  keeps 
his  shoulder  to  the  rest,  and  the  firing  of  the  gun  does  not  distuib 
him,  the  sights  being  on  the  jacket,  and  the  gun  recoiling  inside  it. 
In  the  field  carriage  this  is  not  so,  and  every  time  the  gun  is  fired 
the  layer  and  laying  are  disturbed.  For  this  reason  the  field  gur 
is  only  a  "  rapid  loader  "  rather  than  a  quick-firer. 

The  general  design  of  the  Nordenfelt  equipment  is  shown  in 
Flutes  III.  and  IV.  In  addition  to  the  field  gun,  he  has  a  horse 
artillery  9-pounder  gun  made  on  very  similar  lines. 

Plate  IV.  shows  the  general  arrangement  of  the  gun  and  carriage. 

The  gun  is  held  in  a  cradle,  and  there  are  two  hydraulic  buffers, 
one  each  side  of  it.  On  firing,  the  gun  first  recoils  on  the  tdp 
carriage  in  a  manner  very  similar  to  the  12-pounder  on  Mark  II. 
carriage. 

The  breech  action  is  very  neat  indeed  ;  one  simple  motion  of  the 
handle  unscrews  the  block,  opens  the  gun,  and  extracts  the  empty 
case,  a  single  motion  in  the  opposite  direction  closing  and  locking  it. 
The  breech   mechanism   is  also  such   that  in  case  of   a   miss-fire 
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the  firing  pin  can  be  re-cocked  without  opening  the  breech. 
The  carriage  has  a  broad  trail  with  a  plough  at  the  end ;  it  is 
fitted  with  the  Buffington  brake,  an  American  one;  it  is  simple,  and 
consists  of  an  arm  with  a  brake  block  at  one  end  ;  the  other  end  is 
fixed  to  the  axle,  and  being  eccentric,  as  the  bar  drops  the  block 
bites  on  the  tyre. 

There  is  a  seat  on  the  trail,  and  after  a  few  rounds  the  carriage 
does  not  recoil  more  than  a  few  inches;  this  enables  the  layer  to 
remain  seated;  at  the  same  time,  it  is  not  pleasant,  and  I  doubt  if 
men  would  stand  it  for  more  than  a  few  rounds. 

The  ammunition  wagon  is  ingenious,  the  body  being  a  second, 
limber  hooked  on  to  the  limber  proper  by  a  short  removable  pole. 
I  have  not  seen  the  results  of  any  trials  with  the  gun.  Some  time  back 
a  trial  was  carried  out  by  Krupp  between  his  6-pounder  and  the 
German  field  gun,  which  throws  a  shell  of  17  lbs.  The  rapidity  of  fire 
attainable  with  the  6-pounder  was  seven  to  eight  rounds  a  minute, 
whilst  that  of  the  field  gun  is  laid  down  as  two.  The  general  result 
deduced  was  that  the  171b.  shell  produced  twice  as  many  hits  as 
the  6-pounder,  but  that  the  latter,  owing  to  its  greater  rapidity  of 
fire,  produced  a  greater  effect  in  a  given  time. 

The  superiority  of  hits  was  gained  entirely  through  the  rapidity 
of  fire,  which  was  nearly  four  times  that  of  the  field  gun.  This 
rapidity  is  all  very  well  with  a  single  gun,  but  in  a  battery  it  would 
be  quite  impossible  to  exercise  any  control  over  the  fire  if  it  were 
to  fire  at  that  rate,  i.e.,  42  rounds  a  minute,  and  the  waste  of 
ammunition  would  be  enormous ;  and  where  is  this  ammunition  to 
come  from  ?  I  do  not  believe  in  this  rapid  unaimed  fire,  except  for 
case,  or  a  sudden  attack  at  close  ranges.  On  these  occasions  it  is 
undoubtedly  of  use.  And  for  this  reason  I  think  the  general  ten- 
dency is  towards  the  introduction  of  a  quick-firer  as  soon  as  the 
manufacturing  difficulties  have  been  more  thoroughly  overcome. 
With  reference  to  rapid  firing,  Colonel  Von  Kohne  (a  high  German 
authority),  in  a  lecture  delivered  at  Berlin,  says  : — "  It  must  be  an 
inviolable  maxim,  as  well  at  manoeuvres  as  in  war,  or  at  the  rangeif, 
that  a  round  must  never  be  fired  until  after  the  most  careful  laying. 
The  mere  explosion,  simply  in  order  to  denote  one's  presence,  the 
hurried  discharge  of  a  round,  only  to  get  one  off  before  one's 
neighbour — which  is  often  regarded  as  the  highest  triumph  of  the 
art,  and  which  unfortunately  is  often  highly  commended — must  be 
entirely  banished  from  the  drill  ground,  for  it  is  the  destruction  of 
all  fire    discipline.     Every   artilleryman,    down    to    the   youngest 
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gunner,  must  be  thoroughly  imbued  with  the  idea  that  nothing  is 
accomplished  by  mere  noise ;  it  is  not  much  shooting,  but  much 
hitting,  that  succeeds,  and  this  can  only  be  attained  by  a  careful,  one 
might  almost  say  cunning  and  cold-blooded,  but  never  by  a  hiirried, 
service." 

The  Carriage. 

With  reference  to  this  I  do  not  propose  to  say  much,  as  it  has 
very  little  to  do  with  the  actual  fire.  The  great  tendency  now  is  to 
seek  simplicity. 

Our  present  Mark  II.  12-pounder  carriage  is  rather  complicated. 
It  is,  however,  being  simplified.  Thus  the  complicated  brakes  are 
being  taken  off  and  the  drag  shoe-brake  substituted ;  this  latter  is 
very  simple,  and  acts  very  well.  The  slow-motion  traversing  gear 
has  already  been  taken  off. 

The  buffer  certainly  still  remains,  and  is  likely  to  be  kept  on,  as  it 
works  well.  As  to  the  limber,  this  is  being  lightened  by  only  having 
one  box.  The  greatest  change  here,  however,  is,  as  previously 
mentioned,  the  probable  substitution  of  pole  for  shaft  draught. 
This  has  in  a  great  measure  been  brought  about  by  the  necessity  of 
unhooking  the  wagon  teams  in  action,  and  also  because  of  the 
increased  facilities  which  it  affords  in  replacing  casualties,  every 
horse  being  interchangeable. 

Kesul'is.* 

Let  us  now  look  at  the  results  obtained. 

First,  I  must  warn  you  that  only  very  general  deductions  can  be 
made,  and  that  figures  of  peace  practice  require  very  careful  scan- 
ning. Thus  one  often  sees  in  the  papers  wonderful  results  of  some 
special  trial,  and  comparisons  are  drawn  between  it  and  the  results 
obtained  at  ordinary  practice,  quite  overlooking  the  fact  that  at 
these  special  trials  everything  is  done  to  ensure  a  success,  the 
detachments  are  picked,  targets  carefully  arranged,  etc.,  whilst  at 
service  practice  targets  are  not  so  arranged,  and,  further,  directly 
the  fire  becomes  effective  the  series  is  stopped. 

Rate  of  Fire. 
At  practice  the  series  are  so  short  that  the  rate  depends  more  on 
the  ability  of  the  battery  commander  to  find  the  range  and  fuze  than 
on  the  working  power  of  the  battery. 
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On  the  29th  June,  1893,  a  battery  fired  979  rounds,  i.e.,  nearly 
the  whole  of  the  araraunition  with  the  battery  and  with  the  divisional 
reserve. 

The  total  time  tfiken  was  7i  hours,  of  which  4f  was  actual  firing, 
the  remainder  being  occupied  in  changes  of  position. 

The  same  men  were  employed  at  the  guns  throughout  the  day, 
and  the  rate  of  fire  was  as  great  at  the  end  as  at  the  commencement. 
A  few  of  the  men  complained  of  gun  headaches,  but  the  only  numbera 
who  really  required  changing  were  the  gun-layers,  whose  eyes  got 
very  tired,  and  it  was  found  necessary  to  relieve  them  after  every 
50  rounds. 

The  rate  of  fire  at  standing  targets  varied  from  six  rounds  a  minute 
to  2*6,  the  average  being  4*2,  which  agrees  very  closely  with  foreign 
estimates,  the  German  regulations  laying  down  four  rounds  a  minute 
for  a  6-gun  battery.  For  a  short  time  at  the  cavalry  target  the  rate 
ran  up  to  13 "5  rounds  a  minute,  the  average  at  this  target  of  the 
batt-eries  pi*actising  at  Okehampton  being  nearly  10;  with  smokeless 
powder  it  will  doubtless  be  increased. 

The  system  now  intro<luced  for  meeting  an  attack  at  close  ranges, 
1,000  yards  and  under,  is  very  simple,  and  is  as  follows  : — 

Previous  to  coming  into  action  three  shrapnel,  with  fuzes  set  at 
two,  are  placed  in  a  jx)rtablo  magazine  (one  of  the  leather  cases  used 
for  carrying  ammunition  from  the  limbers  to  the  guns).  When  the 
guns  are  in  action  this  magazine  is  placed  close  to  the  loading 
number.     The  left  sight  is  kept  fixed  at  500  yards. 

Suppose  the  battery  is  firing  at  a  distant  target  and  is  suddenly 
attacked  by  cavalry  at  a  close  range.  The  order  "  magazine  fire  "  i& 
given  ;  on  this  the  guns  are  at  once  turned  on  the  cavalry,  and  the 
three  rounds  per  gun  already  prepared  are  fired  at  the  fixed  elevation 
of  500  yards.  The  shrapnel  having  their  fuzes  set  at  two  burst 
about  400  yards  from  the  guns,  and  at  such  a  short  range  the 
bullets  cover  about  300  to  400  yards  in  depth,  and  with  the  rapid 
fire  that  can  be  kept  up,  in  consequence  of  there  being  no  delay 
setting  fuzes  or  sights,  the  ground  from  400  to  1,000  yards  should 
be  fairly  swept  with  bullets.  In  a  short  time  it  is  hoped  we  may  be 
able  to  carry  all  shell  fuzed  and  set  at  two,  so  as  to  be  always  ready 
for  cavalry. 

The  effects  on  guns  appear  small,  but  one  must  remember  the 
ranges  are  long,  and  that  a  battery  is  a  very  difficult  target,  the  40 
dummies  being  spread  over  100  yards  of  front. 

The  guns  on  the  Bluff*  are,  further,  in  a  very  difficult  position  to 
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lunge  on.  There  is  a  hollow  in  front  of  the  target  as  well  as  in 
rear,  and  shell  pitching  in  front,  not  being  seen,  are  often  wrongly 
observed,  thus  throwing  out  the  ranging. 

Now  at  long  ranges  the  effect  of  the  fire  depends  chiefly  on  good 
observation,  so  that  ranging  may  be  accurate.  Any  position,  there- 
fore, that  is  deceptive,  and  renders  observation  difficult,  is  good, 
better  even  than  cover  by  earth  when  the  latter  renders  observation 
easy. 

Better  results  are  often  obtained  at  guns  in  gun-pits  than  when  in 
the  open,  the  reason,  of  course,  being  that  the  earth  of  the  pits  is,  as 
a  rule,  clearly  visible.  The  experience  of  war  exhibits  the  same 
results. 

Thus  General  Brialmont  says : — "  Wherever  they  may  be  placed, 
e(jaulments  should  be  concealed  by  natural  or  artificial  cover. 

**  The  first  day  at  the  battle  of  Noisseville  Bazaine  placed  behind 
earthworks  the  guns  near  the  road  leading  from  Fort  St.  Julien 
towards  St.  Barbe.  These  had  to  be  promptly  withdrawn,  after 
heavy  loss,  whilst  three  batteries  on  the  same  heights,  without  any 
protection,  were  enabled  to  continue  in  action  for  some  time."  Again, 
HofFbauer,  speaking  of  Gravelotte,  says: — "The  earthworks  that 
the  French  threw  up  to  cover  their  batteries  on  the  heights  of 
Montigny  la  Grange  and  La  Folie  were  very  conspicuous,  and 
rendered  easy  the  ranging  of  the  German  guns." 

Also,  in  taking  up  a  position  behind  a  hedge,  it  is  best  for  the 
guns  to  be  some  distance  back,  and  let  them  fire  over  it^  the  hedge 
acting  simply  as  a  screen.  It  may  be  necessary  to  cut  down  part 
of  the  hedge  to  see  through,  or,  as  was  the  case  of  the  two  batteries 
of  the  Guard  corps  artillery  at  Sedan,  to  prevent  their  own  shells 
bursting  in  the  trees. 

A  modification  of  the  ripple  parapet  has  been  tried,  and  it  certainly 
makes  it  very  hard  to  range.  It  is  quite  different  to  the  ripple 
parapet  tried  at  Lydd  a  few  years  back.  There  the  ripples  were 
<:lose  together,  and  were  designed  to  act  as  a  protection  rather  than 
a  mask.  As  a  protection  it  was  not  a  success,  but  as  a  mask,  the 
ripples  being  merely  small  ridges  about  2  feet  high  and  some 
distance  apart,  it  appeared  successful. 

Good  results  are  almost  invariably  obtained  at  columns,  owing  to 
the  depth  not  rendering  accurate  ranging  so  necessary,  and  when 
one  has  depth  and  breadth  the  results  rise  rapidly.  In  India  one  of 
the  targets  for  the  competitive  consists  of  a  line  of  three  columns  of 
fours  of  30  dummies  each,  with  25  yards  interval  between  the 
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columns.  The  exact  range  is  unknown,  but  is  between  2,200  and 
2,600  yards.  A  battery  is  allowed  to  fire  for  six  minutes.  I  have  only 
seen  the  results  of  four  batteries,  and  the  average  number  of  hits 
obtained  in  the  six  minutes  was  1,065,  the  number  of  rounds  fired 
averaging  42. 

Results  rise  rapidly  as  the  range  decreases,  first  because  observa- 
tion becomes  easier,  and  secondly  because  the  increased  depth  of 
ground  covered  by  the  shrapnel  bullets  renders  such  correct  ranging 
and  fuzing  unnecessary. 

This  is  shown  by  the  results  of  the  two  series  fired  at  dummies 
placed  in  echelon  to  represent  an  advance.  On  the  first  occasion 
15  dummies  were  placed  at  six  ranges  to  represent  an  advance  from 
1,700  to  800.  The  fire  was  turned  from  one  to  the  other  without 
a  pause,  a  Staff  officer  giving  the  times.  The  total  time  in  action 
was  23  minutes,  during  which  time  66  rounds  were  fired  and 
74  dummies  hit  out  of  90,  notwithstanding  that,  owing  to  the 
paucity  of  shrapnel,  20  of  the  rounds  were  common  shell. 

In  the  second  series,  fired  by  the  38th,  a  4-gun  battery,  the 
dummies  were  placed  in  echelon  at  eight  different  ranges.  The 
total  time  in  action  was  19  minutes,  during  which  69  rounds  were 
fired  and  62  dummies  hit  out  of  86.  The  time  each  target  was 
under  fire  was  estimated  to  be  the  same  as  infantry  would  have 
taken  to  advance  from  one  to  the  other. 

They  were  certainly  not  too  long,  as  on  the  day  of  the  field  firing 
the  infantry  took  from  50  minutes  to  an  hour  doing  the  same  distance. 
It  is  also  harder  having  several  targets  arranged  in  echelon  than 
if  they  were  actually  advancing,  because  the  battery  commander  did 
not  know  the  drops,  and  time  is  also  lost  changing  the  laying  from 
one  target  to  the  next. 

At  Glenbeigh  the  results  are  almost  invariably  higher  than  at 
Okehampton  ;  this  is  due  to  the  influence  of  the  ground,  it  being 
favourable  to  ricochets.  It  has  been  proved,  both  theoretically  and 
practically,  that  one  obtains  from  30  to  40  per  cent,  more  hits  when 
firing  time  shrapnel  over  ground  favourable  to  ricochets  than  when 
all  ricochets  are  stopped. 

An  interesting  experiment  was  tried  at  Lydd  last  year.  The 
coastguard  station  was  partially  defended,  and  then  fired  at  with 
percussion  common  and  percussion  shrapnel.  Part  of  the  front  had 
two  feet  of  loose  brick  and  the  other  part  had  loose  shingle  j  the 
windows  were  boarded  inside  and  out  and  the  space  filled  with 
shingle.     It  was  first  fired  at  from  a  range  of  2,400   yards   with 
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)erca8sion  shrapnel;  40  rounds  were  fired  and  31  hits  obtained  ;  10 
Df  the  rounds  were,  however,  fired  with  cone-shaped  cartridges,  and 
live  of  the  misses  were  included  in  these  ten  rounds. 

The  shrapnel  went  through  the  wall  (14  inches  thick),  making  a 
hole  about  9  inches  diameter,  and  then  burst.  The  bullets  entered 
wood,  but,  as  a  rule,  did  not  lodge.  The  effect  was  the  same  when 
shell  passed  through  the  window,  but  it  also  blew  down  the  inside 
l>oarding,  and  the  shingle  all  fell  into  the  room.  The  loose  bricks 
stopped  the  shell  at  about  the  depth  of  a  foot. 

Twenty  rounds  were  then  fired  at  a  range  of  1,500.  The  general 
effect  of  shrapnel  at  this  range  was  greater  than  at  the  former,  the 
shells  passing  through  the  outer  walls  and  knocking  holes  in  the 
partition  walls.  With  the  common  shell  there  were  11  hits ;  in 
one  position,  two  hours'  defence,  three  hits  were  obtained,  and  the 
damage  was  such  as  to  render  it  untenable;  the  front  wall  was 
wrecked,  and  the  whole  of  the  partition  wall  between  front  and  back 
brought  down.  These  results  seem  to  show  that  the  most  we  can 
do  irith  shrapnel  is  to  keep  the  front  rooms  clear,  and  that,  as 
common  shell  is  abolished,  a  high-explosive  shell  is  necessary  to 
thoroughly  destroy  buildings. 
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APPENDIX    A. 

Kesults  of  Practice  at  Targets   Representing  Advancing 

Infantry. 


Approxi- 
mate 
Range. 

Effects. 

Battery. 

Times. 

1 

1 

Q 

Targets. 

Min. 
3 

Sec. 
30 

2000 

8 

18 

11 

15  standing  dummies. 

3 

32 

1800 

9 

52 

12 

>>               >i 

14th  Field  ..    - 

4 
3 

30 
35 

1500 
1250 

12 
11 

113 
58 

15 
10 

»>               >» 
»»               ff 

2 

35 

1200 

6 

34 

13 

>»               t> 

6 

30 

800 

21* 

13 

13 

t>               *f 

Total     ... 

23 

12 

67 

288 

74 

90       „ 

2 

30 

1800 

8 

8 

7 

12  Htandiiig  d^immies. 

2 

10 

1700 

7 

20 

11 

»»              »f 

2 

30 

1550 

8 

26 

11 

>t              «f 

38th  Field    .... 

2 
3 

0 
3 

1450 
1200 

8 
11 

32 
31 

9 

7 

10       „ 

»»                 »l 

2 

15 

1100 

10 

13 

6 

\6      „ 

J  5  kneeling       ,, 

2 

15 

950 

8 

14 

5 

»»               f » 

2 

15 

800 

9 

11 

6 

10       „ 

Total      ... 

18 

58 

69 

155 

62 

86       ., 

*  20  common  shell,  dummies  blown  to  bits. 

General  Idea  : — Battery  in  action  and  firing,  suddenly  ordered  to 
turn  on  to  infantry  advancing  on  the  battery. 

Targets  placed  in  echelon  to  represent  this  advance  ;  the  fire 
being  continued  from  target  to  target  without  a  pause. 
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PAPER    11. 

ELECTEIC    CUERENTS    OF    HIGH 
PRESSURE   AND   PERIODICITY. 

By  a.  a.  C.  Swinton,  Esq. 


The  experimental  effects  that  I  propose  to  show  this  afternoon  are 
all  produced  by  utilizing  the  disruptive  discharges  of  Leyden  jars 
to  give  electrical  impulses  of  comi)aratively  considerable  magnitude 
as  reganls  energy,  but  of  exceedingly  short  duration  as  regards 
time. 

As  is  well  known,  if  a  Leyden  jar  be  discharged  through  a  stout 
copper  wire  forming  a  circuit  of  small  resistance,  a  surging  of  the 
electrical  charge  is  set  up,  with  the  result  that  the  electric  current 
which  passes  through  the  wire  is  of  the  nature  of  a  gradually  dying 
away  oscillation.  The  action  may,  indeed,  be  compared  to  what 
occurs  when  a  pendulum,  immersed  in  some  viscous  fluid,  is  sud- 
denly released  from  an  inclined  position  and  swings  backwards  and 
forwards  with  a  gradually  decreasing  amplitude  of  oscillation  until 
it  come.s  to  rest.  Or  we  may  make  the  analogy  more  exact  by  com- 
paring the  effect  to  a  loaded  spring  bent  aside  in  a  resisting  medium 
and  then  let  go.  The  pliability  of  the  spring  cones  ponds  to  the 
capacity  of  the  condensor,  its  displacement  to  the  electrical  charge, 
the  load  or  inertia  to  the  self-induction  of  the  circuit,  and  the 
viscosity  of  the  fluid  to  the  resistance  of  the  circuit. 

Thus  the  total  duration  of  the  discharge  of  a  Leyden  jar  varies 
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with  its  electro-static  capacity,  being  longer  for  large  jars  than  for 
small.  At  the  same  time,  both  the  duration  of  the  discharge  and 
the  rate  of  oscillation  are  dependent  upon  the  resistance  and  self- 
induction  of  the  discharging  circuit.  In  apparatus  of  the  kind  that 
we  employ  the  conditions  are  exceedingly  complex,  and  consequently 
calculations  as  to  the  duration  of  the  discharge,  or  as  to  its  rate  of 
oscillation,  must  necessarily  be  only  approximate.  The  total  dura- 
tion of  the  discharge  itself  can,  however,  be  fairly  accurately 
measured  experimentally  by  means  of  a  revolving  miiTor,  and  I 
think  you  may  take  it  as  tolerably  correct  when  I  tell  you  that  the 
total  duration  of  each  discharge  of  the  batteries  of  Leyden  jars  that 
we  have  here,  and  are  going  to  use,  is  about  g  ^  ^  q  q  of  a  second.  It 
has  further  been  calculated  that,  with  the  conditions  that  we  are 
working  under,  the  rate  of  oscillation  should  be  about  200,000  com- 
plete peiiods  per  second,  so  that  apparently  we  get  about  four 
complete  oscillations  in  each  of  our  discharges. 

Our  jars  are  charged  by  means  of  an  alternate  current  dynamo 
machine,  which  has  a  frequency  of  approximately  100  complete 
alternations  per  second.  The  jars  are  charged  and  discharged  at 
each  half-period,  consequently  once  in  each  Tf^(y*of  a  second.  The 
duration  of  the  discharge  is,  as  already  mentioned,  gQ^pQ  of  a 
second,  and  consequently,  if  we  devote  our  attention  merely  to  what 
is  taking  place  in  the  discharging  circuit,  there  are  intervals  between 
each  discharge  of  ^^^^  of  a  second,  during  which  intervals  there  is 
no  current  passing  at  all. 

Fig,  1  shows  this  from  a  diagrammatic  point  of  view.  Only  four 
discharges  are  shown,  and  it  has  unfortunately  not  been  possible  to 
show  the  intervals  between  them  to  scale,  as,  if  shown  on  the  same 
scale  as  the  discharges,  each  of  which  on  the  diagram  occupies  10 
inches,  the  intervals  ought  to  be  no  less  than  208  feet. 

It  has  been  usual  to  call  oscillatory  currents  produced  in  this 
manner  high  frequency  or  high  periodicity  electric  currents.  I  am 
not  sure  with  whom  the  term  originated,  but  I  think  it  was  with 
Mr.  Tesla,  to  whose  investigations  in  this  particular  branch  of  elec- 
trical science  we  all  owe  so  much.  I  am  bound  to  say,  however, 
that  the  term  seems  to  me  to  be  a  very  unfortunate  one,  as,  though 
the  periodicity  is  decidedly  high  during  each  discharge,  the  dis- 
charges are  of  so  very  short  duration,  and  are  spaced  by  such  com- 
paratively long  intervals,  that  the  average  frequency  is  really  not 
high  at  all ;  in  fact,  in  the  experiments  I  am  about  to  show  you, 
the  average  frequency  appears  only  to  be  about  800  a  second  as 
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against  100  a  second,  the  periodicity  of  the  alternator  supplying  the 
original  current. 

Further,  and  what  I  am  now  going  to  say  is,  I  believe,  in  direct 
contradiction  to  the  orthodox  view,  it  does  not  appear  to  me  that  any 
high  frequency  at  all  is  necessary  to  explain  the  effects  produced. 
All  that  is  necessary  is  that  the  electric  current  should  be  delivered 
in  impulses  of  exceedingly  short  dui-ation,  in  which  the  current  and 
voltage  rise  from  zero  to  enormously  high  maxima,  and  fall  again 
to  zero  with  exceeding  suddenness.  The  effects  are,  in  fact,  due  to 
the  rapid  rate  of  change. 

Now  oscillatory  or  pulsatory  currents  of  the  description  that  I 
have  mentioned  behave  in  many  respects  in  quite  a  diflierent  manner 
from  continuous  or  ordinary  alternating  currents.  This  is  due  to 
the  fact  that  while  with  ordinary  alternating  currents  the  effects  of 
impedence,  induction,  and  electro-static  capacity  are  comparatively 
small,  unless  we  take  special  means  to  render  them  operative,  with 
our  oscillatory  currents  these  effects  are  comparatively  enormous, 
and  show  themselves  whether  we  will  or  no. 

To  take  first  of  all  the  case  of  impedence.  We  have  here  a  thick 
copper  wire  bent  into  a  U-shape,  which  would  conduct  an  ordinary 
alternating  current  with  practically  no  impedence  at  all.  We  have 
it  connected  as  shown  in  Fig.  2.  We  start  with  a  100- volt  alternat- 
ing current  of  the  ordinary  description,  which  passes  through  the 
primary  of  an  induction  coil.  From  the  secondary  of  this  coil  we 
obtain  some  20,000  to  30,000  volts.  This  high  pressure  current 
charges  the  Leyden  jars  at  each  half-perioil  up  to  a  point  where  the 
air  resistance  across  the  spark  gap  is  broken  down,  and  a  disruptive 
oscillatory  discharge  takes  place.  In  this  manner  we  obtain  an  oscil- 
latory discharge  of  electricity  through  our  U-shaped  piece  of  copper 
wire.  In  order  to  let  you  see  the  effect  of  the  impedence,  I  will 
connect  these  incandescent  lamps  across  from  one  leg  to  the  other 
of  the  U-shaped  wire.  You  will  observe  that  though  short  circuited 
by  the  wire,  which  has  enormously  less  ohmic  resistance  than  the 
lamp  filaments,  the  latter  incandesce  brightly.  The  oscillatory  cur- 
rent, in  fact,  does  not  take  the  path  of  least  ohmic  resistance,  as 
might  be  expected,  but  the  shortest  path,  i.e.,  that  of  least  self- 
induction  and  impedence.  By  sliding  the  lamps  up  and  down  we 
can  make  them  burn  more  or  less  brightly,  and  by  choosing  suitable 
positions  we  can  make  lamps  varying  in  voltage  from  20  to  100 
Tolts  all  bum  with  uniform  brightness. 

Again,  oscillatory  electric  currents  such  as  those  with  which  we 
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are  dealing  have  much  more  powerful  inductive  effects  4ihan  ordinary- 
alternating  ciUTcnts. 

We  have  here  two  circles,  each  consisting  of  a  single  convolution 
of  thick  copper  wire.  One  of  these  circles  has  a  20-volt  5-c.p. 
incandescent  lamp  connected  to  the  two  ends  of  the  wire,  and  the 
other  circle  is  connected  as  was  the  U-shaped  wire  in  the  last 
experiment,  so  that  we  can  send  oscillatory  discharges  through  it. 
We  will  hold  the  two  circles  facing  one  another  about  six  feet 
apart,  and  turn  on  the  current.  As  you  see,  the  lamp  filament 
is  gradually  becoming  red  hot,  showing  that  the  oscillatory  current 
passing  through  the  one  circle  is  inducing  an  electric  current  in  the 
other.  If  we  bring  the  circles  nearer  together,  the  lamp  becomes 
brighter,  and  with  an  interval  of  two  feet  the  lamp  is  fully  incan- 
desced. 

One  of  the  most  striking  facts  in  connection  with  these  oscillatory 
currents  is  the  small  physiological  effect  that  they  appear  to  have  on 
the  human  frame.  As  is  well  known,  the  discharge  of  a  good -sized 
Leyden  jar,  if  taken  direct,  occasions  a  most  violent  shock  to  the 
system,  and  may,  indeed,  be  sufficient  to  destroy  consciousness  for  a 
time,  or  even  to  cause  death.  The  current  from  a  medical  magneto 
machine,  or  even  a  small  induction  coil,  is  sufficiently  unpleasant  for 
most  people,  while  that  from  an  alternate  current  dynamo  giving 
1,000  to  2,000  volts  is  used  for  official  electrocution  in  the  United 
States  of  America,  and  has  been  the  cause  of  more  than  one  death 
in  this  country.  The  electric  currents  employed  in  medicine  rarely 
exceed  a  few  thousandths  of  an  ampere,  muscular  fixation  and  other 
unpleasant  results  being  usually  produced  when  more  than  10  to  20 
milliamp^res  of  continuous,  or  2  to  6  milliamp^res  of  alternating  or 
interrupted  current  is  passed  through  the  body. 

We  have  here  an  ordinary  5-c.p.  100- volt  lamp,  which,  with  con- 
tinuous or  ordinary  alternating  current,  requires  about  one-fifth  of 
an  ampere  or  200  milliamperes  to  bring  it  to  full  incandescence. 
This  is,  of  course,  a  much  greater  strength  of  ordinary  current  than 
anyone  could  bear  for  a  moment.  We  will  incandesce  this  lamp 
with  current  conveyed  through  the  bodies  of  two  persons.  The 
connections  are  as  shown  in  Fig,  3,  and,  as  you  will  observe,  there 
is  no  connection  between  the  lamp  and  the  other  apparatus  except 
through  the  arms  and  bodies  of  the  two  operators.  As  you  will  see, 
the  lamp  filament  is  brought  up  to  full  incandescence  when  we  turn 
on  the  current. 

Various  theories  have  been  propounded  to  account  for  the  harm- 
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lessness  of  these  currents.  Some  have  supposed  that  the  human 
body  acts  not  as  a  conductor,  hut  like  a  condensor  with  regard  to 
the  passage  of  alternate  currents,  forgetting  that  were  this  the  case 
the  impedencc  offered  to  oscillatory  currents  would  be  very  small, 
and  the  application  of  high  voltages  such  as  I  have  been  using  would 
-consequently  be  serious.  Some,  on  the  other  hand,  have  imagined 
that  it  is  all  a  question  of  the  nerves,  which  they  assume  to  be,  as  it 
were,  tuned  only  to  respond  to  alternations  of  comparatively  low 
periodicity,  and  being  unaffected  by  those  above  a  certain  range,  as 
is  the  eye  to  luminous  waves  above  the  frequency  of  violet  light. 

The  real  facts  of  the  case  seem  to  be  that  wherever  these  oscilla- 
tory currents  are  harmless  it  js  simply  for  the  reason  that  the 
quantity  of  electricity  they  transmit  in  any  given  time  is  too  small 
to  do  any  injury.  Leaving  on  one  side  those  physiological  effects 
which  from  the  burning  and  <lisruptive  action  produced  in  the 
tissues  transversed  are  clearly  due  to  the  internal  production  of  con- 
siderable quantities  of  heat,  the  physiological  effects  of  electric 
currents  seem  most  probably  to  be  due  to  chemical  decomposition; 
in  fact^  to  electrolysis.  Now  the  amount  of  electrolytic  effect  in 
any  given  time  is,  of  course,  proportional  to  the  quantity  of  elec- 
tricity, that  is  to  say,  to  the  number  of  coulombs  passed  in  that 
time.  What,  therefore,  can  be  more  natural  than  that  the  physio- 
logical effects  of  electric  currents  should,  within  limits,  be  propor- 
tional to  the  coulombs  of  electricity  passed. 

It  will,  however,  be  said  that  in  the  lamp  experiment  I  have  just 
shown  you  the  current  in  the  lamp  must  have  been  one-fifth  of  an 
ampere,  and  that  consequently  whatever  the  description  of  the 
electric  current,  continuous,  alternating,  or  oscillatory,  one-fifth  of  a 
coulomb  was  passed  through  the  arms  and  bodies  of  the  operators 
during  each  second  that  the  lamp  was  lighted. 

A  little  consideration  will,  however,  show  that  this  is  by  no  means 
the  case.  In  the  first  place,  as  has  been  shown  by  Lord  Kelvin, 
oscillatory  currents  which  rise  and  fall  between  minimum  and 
maximum  very  rapidly  do  not  flow  uniformly  through  the  section  of 
a  conductor.  They  tend  to  keep  on  the  surface,  and  given  sufl&ciently 
sudden  fluctuations,  may  only  be,  as  it  were,  skin  deep.  Applying 
this  to  the  filament  of  our  lamp,  the  effect  is  to  increase  its  resistance, 
since  only  a  part  of  the  section  of  the  filament  acts  as  a  conductor. 
The  filament  might,  in  fact,  be  a  hollow  tube  instead  of  a  solid  wire. 
We  have  an  ample  sufficiency  of  available  voltage,  and  though  the 
strength  of  the  current  may  be  small,  the  resistance  being  high 
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there  is  a  sufficient  expenditure  of  watts  to  raise  the  filament  to 
incandescence.  The  lamp,  in  fact,  ceases  to  be  a  100-volt  lamp 
taking  one-fifth  of  an  ampere,  and  becomes,  may  be,  a  1,000- volt  or 
even  a  10,000-volt  lamp,  taking  only  a  tenth  or  a  hundredth  of  that 
amount  of  current. 

There  is  also  another  point  to  be  borae  in  mind.  The  current  is 
delivered  in  impulses  of  exceedingly  short  duration.  If  we  tuni  to 
Fig.  4,  the  double  cross  shaded  portion  of  the  figure  represents 
a  current  of  two  amperes  flowing  for  one  second  of  time.  The  areii 
of  this  portion  thus  represents  two  coulombs  of  electricity.  If  we 
assume  that  this  current  is  being  passed  through  a  resistance  of  one 
ohm,  the  heat  generated  in  the  resistance  will  clearly  be  equal  to 
two  joules.  So  much  for  continuous  current.  If  we  now  turn  to 
Fi(/.  5,  we  have  a  similar  quantity  of  electricity,  namely,  two 
coulombs,  passed  through  a  similar  resistance  of  one  ohm,  but 
instead  of  sending  the  current  through  continuously  for  one  second, 
we  will  suppose  it  to  be  sent  through  in  four  pulsations,  each  lasting 
for  one-tenth  of  a  second,  with  intervening  spaces  of  one-fifth  of  a 
second  of  no  current  at  all.  In  order  to  pass  our  two  coulombs 
within  the  second  under  these  conditions,  the  average  current  during 
each  pulsation  will  have  to  flow  at  the  rate  of  five  amperes,  and  the 
amount  of  heat  generated,  being  proportionate  to  the  square  of  the 
current,  will  be  one  and  a-quarter  joules  for  each  pulsation.  The 
total  heat  generated  during  the  second  will,  therefore,  be  equal  to 
Hve  joules,  as  against  the  two  joules  generated  when  we  employed  a 
steady  current.  Conversely,  of  course,  the  same  quantity  of  heat 
can  be  generated  in  a  given  resistance  and  in  any  given  time  with  it 
pulsating  current  with  a  less  quantity  of  electricity  than  will 
generate  this  quantity  of  heat  in  the  same  time  with  a  steady  cur- 
rent. Further,  the  shelter  the  duration  of  the  impulses  the  smaller 
is  the  quantity  of  electricity  necessary,  so  that  when  wo  come  to 
impulses  of  such  exceedingly  short  duration  as  jxyj^nr  ^^  *  secon<l. 
such  as  we  have  been  using  in  our  experiments,  the  quantity  of 
electricity  necessary  to  produce  the  amount  of  heat  required  to 
incandesce  our  5-c.p.  lamp  must  be  exceedingly  small  indeed. 

So  far  we  have  been  dealing  with  what  I  may  term  jninuirif 
oscillatory  currents,  namely,  currents  that  are  derived  directly  from 
the  Leyden  jars  without  transformation.  We  will  now  try  the 
effect  of  a  step  up  transformer  which  is  contained  in  this  box,  ani 
is  entirely  immersed  in  resin  oil,  in  order  to  prevent  sparking  and 
the  dissipation  of  energy  by  leakage  either  in  the  shape  of  con- 
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duction  or  brush  dischai^es.  The  arrangement  of  the  connections 
may  be  as  shown  in  Fig,  6. 

We  are  now  dealing  with  oscillatory  discharges  having  a  potential 
difference  that  may  be  measured  in  hundreds  of  thousands  of  volts, 
and,  as  you  will  notice  when  the  light  is  put  out,  the  brush  discharge 
effects  are  very  striking.  If  I  present  my  hand  to  one  of  the 
terminals  of  the  coil,  sparks  shoot  out  to  my  fingers.  These  sparks 
cause  a  painful  pricking,  but  if  I  take  a  piece  of  metal  in  my  hand 
and  present  it  to  the  terminal  I  can  take  a  violent  discharge  of 
sparks  practically  without  any  sensation.  If  I  take  hold  of  one 
terminal  of  the  coil  with  one  hand,  which  I  can  do  without  hurt, 
and  present  the  other  hand  to  the  outside  of  the  box  of  oil  con- 
taining  the  coil,  streams  of  sparks  issue  from  my  finger  tips.  Again, 
having  hold  of  one  terminal  I  can  draw  sparks  from  any  body 
having  electro-static  capacity,  such  as  another  person  or  any  metallic 
body,  merely  by  bringing  my  free  hand,  or  for  that  matter  my  foot 
or  any  part  of  my  body,  near  to  them. 

The  high  tension  oscillations  have  also  marked  electro-static 
inductive  effects.  We  will  show  this  by  attaching  a  tin  plate  to 
each  of  the  two  terminals  of  the  coil.  We  have  here  two  other  tin 
plates,  between  which  an  incandescent  lamp  is  connected.  When 
we  bring  these  latter  plates  within  a  foot  or  six  inches  of  the  others, 
the  lamp  incandesces  brightly.  We  can  also  incandesce  a  lamp 
filament  by  connecting  one  lamp  terminal  to  one  coil  terminal  and 
merely  touching  the  other  lamp  terminal  with  a  piece  of  metal  held 
in  the  hand.  The  operator  can  stand  upon  an  insulated  stool,  it 
makes  no  difference,  as  the  effect  is  due  not  to  any  circuit  being 
established,  but  to  the  electro-static  capacity  of  the  operator's  body. 
The  electricity,  in  fact,  merely  runs  in  and  out  of  the  operator 
through  the  lamp,  and  thereby  incandesces  the  latter. 

Pretty  effects  can  be  shown  by  passing  the  high  tension  discharge 
through  a  piece  of  wood,  the  sparks  finding  their  way  through  the 
substance  of  the  material  and  lighting  it  up  with  a  dark  red  colour. 
Or  a  piece  of  glass,  one  side  of  which  is  covered  with  tinfoil,  may 
be  placed  between  points  connected  to  the  terminals  of  the  coU. 
As  will  be  seen,  the  discharge  spreads  out  in  fiery  streamers  over 
the  glass  with  a  loud  roar.  By  substituting  a  dry  photographic 
plate  for  the  glass  we  can  obtain  photographs  of  the  discharge  taken 
with  its  own  light.  I  have  had  lantern  slides  made  of  photographs 
produced  in  this  manner,  and,  as  you  will  see,  they  give  very 
beautiful  effects.     The  figures  produced  by  positive  electricity  are 
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irregular,  somewhat  resembling  the  rivers  on  maps  ;  those  produced 
by  negative  electricity  are,  on  the  other  hand,  beautifully  curved, 
and  are  like  feathers  or  palm  branches.  Oscillatory  discharges 
show  both  positive  and  negative  figures  combined. 

The  oscillatory  electro  static  stresses  set  up  in  the  neighbourhood 
of  the  coil  will  also  produce  luminosity  in  vacuum  tubes.  If  I 
wave  the  tubes  rapidly  you  will  notice  the  discontinuity  of  the  light, 
which  is  due  to  the  intervals  of  time  between  the  succeeding  groups 
of  oscillations.  I  have  here  a  cylindrical  vacuum  tube  outside  of  which 
is  wound  a  few  turns  of  thin  wire  in  the  form  of  an  open  spiral. 
I  connect  one  end  of  this  wire  to  one  terminal  of  the  coil,  and  you 
see  two  luminous  spirals  twisting  in  and  out  of  each  other.  One 
is  the  wire,  which  glows  with  a  dark  purple  colour ;  the  other  is  a 
species  of  ghost,  produced  by  molecular  bombardment  inside  the 
tube. 

The  luminosity  of  wires  can,  however,  be  shown  on  a  larger 
scale.  We  have  here  two  circles  of  wire,  a  large  and  a  small  one. 
We  will  connect  them  respectively  to  the  two  terminals  of  the  coil, 
and  place  them  concentrically  in  one  plane.  When  we  switch  on 
the  current  and  lower  the  gas  you  will  see  that  both  wires  glow 
brightly,  while  the  interval  between  them  is  filled  with  streamers 
of  purple  light.  Or  we  can  connect  these  two  parallel  wires  which 
reach  to  the  other  end  of  the  lecture  hall,  and  which  become  luminous 
throughout  their  entire  length. 

These  are  all  the  experiments  I  have  to  show  to  you  this  after- 
noon. These  phenomena  may  not  in  themselves  have  any  immediate 
useful  application,  but  they  are  in  many  ways  very  instructive.  In 
addition,  the  essence  of  science  is  the  correlation  of  facts,  and  the 
further  we  pry  into  the  secrets  of  nature  the  more  we  are  likely  to 
achieve  useful  results. 
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PAPER    III. 


THE  OLVUSAA   SUSPENSION  BRIDGE. 


By  Major  H.  Appleton,  RE. 


Travelling  in  Iceland  in  the  summer  of  1894,  I  had  occasion  to 
cross  the  Southern  Hvita,  or  White  River,  at  Olviisaa  by  the 
STispension  bridge  lately  completed  at  that  point. 

The  almost  total  absence  of  oscillation  as  my  party  rode  over, 
notwithstanding  the  very  light  look  of  the  bridge,  led  me  to  examine 
it  closely,  and  I  found  so  many  points  of  interest  in  the  design  that 
it  has  seemed  to  me  a  detailed  account  of  it  may  be  of  service  to 
brother  officers  called  upon  to  design  similar  works. 

In  addition  to  the  special  means  adopted  to  secure  freedom  from 
vertical  oscillation,  which  I  believe  to  be  original,  lightness  and 
portability,  interchangeability  of  parts,  and  facility  of  erection  with 
A  minimum  of  skilled  labour  or  use  of  any  but  the  simplest 
appliances,  i.e.,  all  the  conditions  that  should  be  had  regard  to  in 
the  design  of  such  works  for  military  purposes  or  for  use  in  remote 
uncivilized  countries,  have  been  studied  very  completely  in  the 
'design. 

The  engineers,  Messrs.  Vaughan  &  Dymond,  of  Newcastle-on- 
Tyne,  have  kindly  furnished  me  with  the  drawings  and  particulars 
upon  which  this  report  is  based.  They  are,  I  believe,  constructing 
a  series  of  similar  bridges  for  the  Danish  and  Norwegian  Govern- 
ments, and  hence  have  special  experience  in  the  subject. 

d2 
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Detailed  Report. 

General  and  Site. — The  bed  and  banks  of  the  river  at  the  site  of 
the  bridge  are  of  lava,  affording  a  firm  foundation  for  the  piers  and 
abutments,  which  are  so  placed  as  to  give  one  clear  span  of  246'  and 
a  half-span  of  123',  the  waterway  in  ordinary  times  being  confined 
to  the  former. 

The  velocity  of  the  river  is,  when  not  in  flood,  about  10  miles  an 
hour. 

All  material,  including  the  cables,  had  to  be  carried  by  hand  from 
the  nearest  port,  Eyarbakki,  which  is  some  miles  off,  there  being  no 
road. 

The  bridge  is  adapted  for  light-wheeled  and  pack-animal  traffic, 
and  has  a  clear  width  of  roadway  of  8'  6". 

A  general  plan  and  elevation  of  the  bridge  is  shown  in  Figs, 
1  and  2,  Plate  I.,  and  cross-section  in  Fig.  3,  Plate  IV. 

The  Foundations, — The  masonry  bases  of  the  piers  are  of  coursed 
rubble  of  lava  stone  in  cement  mortar,  ashlar  bed-plates  for  the 
shoes  of  the  steel  piers,  anchors  and  road-bearers  being  built  in  as 
shown  in  the  drawings. 

Figs.  1,  2  and  3,  Plate  II.,  show  the  details  for  the  centre  pier. 

Anchorages. — The  cables  are  connected  to  the  anchors  at  roadway 
level.  Figs.  12  and  13,  Plate  V.,  showing  details  for  the  whole-span 
end,  and  Figs.  1  and  2,  Plate  III.,  and  Figs.  4,  5  and  14,  Plate  V., 
details  at  the  half-span  end. 

Saddle  or  knuckle  brackets  were  necessitated  in  the  latter  case, 
owing  to  the  change  in  direction  to  the  anchors,  and  the  use  of  these 
led  to  the  variation  in  design  of  the  holding-down  bolts.  The 
anchorages  are  open  to  inspection. 

The  Piers. — 'The  piers  are  of  steel,  the  verticals  being  of  6"  x  6"  x  f 
angles,  braced  with  3"  x  3"  x  Y  tees  and  6"  x  f  bars.  The  cap  is  of 
I"  plate.     The  feet  rest  on  shoes  1^"  thick. 

At  the  centre  pier,  the  reciprocating  angle  of  the  cables  causing  a 
considerable  thrust  inwaixis,  the  heads  of  the  two  portions  of  the 
pier  are  connected  by  a  cross-lattice  box  girder.  This  is,  of  course, 
unnecessary  at  the  end  pier,  the  thrust  due  to  the  cables  being  there 
vertical. 

Figs.  4  and  5,  Plate  IV.,  show  details  of  the  centre  piers  and 
method  of  securing  them  to  the  bed-plates,  and  Figs.  1  to  3,  PkUe  II.,. 
show  the  arrangements  for  the  road-bearers  at  the  same  point. 

The  details  of  the  rivettiiig  are  shown  in  the  drawings. 


Digitized  by  VjOOQ IC 


37 

Saddles  Jor  Cables. — The  cable-bearers  or  saddles  are  quadrants  in 
form,  and  are  mounted  on  trunnions.  This  form  of  saddle  is  found 
to  be  advantageous  during  erection,  and  much  simpler  than  the 
rollers  usually  adopted,  and  is  one  of  the  special  designs  of  this 
firm. 

Figs.  1,  2  and  3,  Plate  V.,  show  the  details.  It  will  be  observed 
that  the  centre  pier  saddles  require  to  be  in  the  direction  of  the 
stress  caused  by  the  cables. 

The  Cables.  —The  cables  were  supplied  by  Messrs.  T.  &  W.  Smith, 
of  Newcastle-on-Tyne. 

Neuiralization  of  Oscillation. — To  neutralize  vertical  oscillation,  it 
was  decided  to  use  three  cables,  laid  side  by  side,  on  either  hand, 
the  centre  cable  in  either  case  being  of  equal  strength  to  the  other 
two.  By  suspending  the  roadway  from  the  main  cable  and  the  two 
smaller  ones  alternately,  any  oscillations  set  up  would  neutralize 
each  other. 

Specification. — The  main  cables,  404^'  long,  are  of  3  045"  diameter, 
and  are  composed  of  7  strands  arranged  6  over  1,  each  stiund  con- 
taining 37  wires  arranged  18  over  12  over  6  over  1,  each  wire  being 
of  -145"  diameter. 

The  smaller  cables  resemble  the  main  ones  in  all  respects  except 
that  the  18  covering  wires  are  omitted,  thus  leaving  19  wires  per 
strand  instead  of  37. 

The  quality  of  wire  employed  was  best  crucible  steel,  galvanized, 
with  a  tensile  strength  of  90  tons  per  square  inch.  This  gave 
a  total  breaking  strain  of  340  tons  for  the  main  cables,  and  170  tons 
for  the  smaller  cables.  Each  of  the  main  cables  weighed  over 
3  tons. 

Attachment  to  Anchorages. — The  method  of  attachment  of  the 
cables  to  the  anchors  is  as  shown  in  Figs.  12  to  14,  Plate  V.  The 
ends  of  the  cables  were  first  prepared  by  unreeving  them  for  a  short 
length;  each  set  of  strands  was  then  bent  over  wedge-pieces 
previously  laid  along  the  cable,  the  wires  being  cut  oflf  at  succes- 
sive lengths  in  the  clip,  so  as  to  give  a  uniform  taper  to  the  end. 
The  clips  of  cast  steel,  heated  in  the  middle,  were  then  bent  over 
the  cable,  and  the  steel  rings  Nos.  2,  3,  4,  etc.,  which  were  already 
on  the  cable,  were  driven  up.  They,  necessarily,  were  put  on  cold. 
The  outermost  ring,  No.  1,  was  driven  over  the  end  hgt  and 
shnmk  on. 

Suspending  Bods. — The  suspending  rods,  placed  6'  apart,  and  of 
r  diameter,  are  of  two  patterns,  viz.,  as  in  Figs.  7  and  8,  Plate  V., 
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for  use  with  the  single  cable  clips,  Fig,  6  (a),  same  plate,  and  Fig.  9 
with  the  double  cable  clips  Fig,  6  (bb). 

Roadway, — The  roadway  consists  of  a  double  layer  of  planking  on 
timber  road-bearers  carried  by  steel  girders  5"  x  3"  x  y'^"  in  section. 

The  details  of  the  hand-rails  and  method  of  connection  of  the 
suspending  rods  to  the  roadway,  etc.,  will  be  apparent  from  the 
drawings  {Figs,  1  and  3,  Plate  IV.). 

JFiiid  Bracing, — Diagonal  bracing  of  3"  x  ^^  bar  is  provided  for 
wind  (Fig,  2,  Plate  IV.). 

As  an  instance  of  misdirected  zeal,  I  may  note  that  the  local 
authorities,  in  the  absence  of  engineering  opinion,  have  attempted  to 
stop  the  small  swinging  that  must  exist  in  high  wind  by  staying  the 
roadway  with  steel  ropes. 

All  connections  in  the  roadway  were  made  with  bolts. 

Erection, — The  Cables, — The  method  of  erection  employed  was  as 
follows,  viz. : — A  f"  diameter  steel  rope  was  stretched  from  the  top 
of  one  pier  to  the  bottom  of  the  opposite  one,  and  a  derrick  of  suit- 
able length  was  erected  to  plumb  over  the  centre  of  one  quadrant. 
Having  attached  the  cable  end  to  the  anchorage,  a  tackle  was 
attached  to  the  cable  some  30'  back.    It  was  then  hoisted  to  position 

A,  and  placed  in^  a     ]^      resting  on  the  |"  rope.     The  length  was 

then  hauled  out  by  means  of  the  winch  D,  the  operation  being 
repeated  till  the  cable  was  across,  when  the  end  was  made  fa.st  to  the 
anchorage  on  the  far  bank.  A  sling  chain  was  then  attached  to  the 
cable  and  it  was  lifted  into  position  on  the  quadrant. 


The  accompanying  sketch  will  make  the  operation  clear.     It  was 
found  that  two  cables  could  be  got  into  position  each  day. 
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The  Roadway, — To  enable  the  roadway  to  be  built  out,  a  platform 
hung  from  the  cables  by  the  four  corners,  and  pro- 
vided with  tackle  to  raise  or  lower  it  to  the  required 
level,  was  used.  The  top  blocks  were  attached  to 
cast-iron  plates  with  grooves  to  suit  the  centres  of  the 
cables,  so  as  to  have  them  the  right  distance  apart 
for  the  clips  (see  sketch). 

CosL — ^The  cost  of  the  material  only  in  the  bridge  was  XI, 800, 
delivered  ready  for  erection  at  Eyarbakki. 

Test  under  Load, — The  bridge  was  tested  in  a  most  barbarous 
manner,  1,600  men  being  marched  across  it  to  music.  Fortunately, 
no  ill-result  occurred. 
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PAPEK    IV. 

A   STUDY   m    FIELD    ENGINEERING 
THE   BATTLE    OF  WOERTH. 

By  the  late  Captain  R.  da  Costa  Porter,  R.E. 


There  are  so  few  opportunities  afforded  to  engineer  officers  of 
practising  themselves  in  the  work  they  may  be  called  upon  to  do 
on  the  field  of  battle  that  they  are  reduced  almost  entirely  to 
theoretical  study  of  this  branch  of  their  art.  I  do  not  know 
whether  the  particular  form  of  exercise  of  which  this  paper  is  an 
example  is  one  commonly  known  or  used  by  my  brother  officers. 
I  have  never  come  across  it  in  any  books  that  I  have  read,  nor 
have  I  heard  it  spoken  of.  Having  used  it  myself  for  some  time, 
it  has  occurred  to  me  that  it  might  be  advisable  to  draw  attention 
to  it,  as  I  certainly  feel  convinced  of  its  value.  But  in  laying  it 
before  my  brother  officers  I  wish  to  point  out  that  I  do  not  suppose 
that  the  example  given  possesses  any  intrinsic  value  of  its  own. 
It  is  no  more  a  contribution  to  the  literature  of  military  art  than  a 
French  exercise  is  an  addition  to  the  literature  of  that  languaga 
It  is  merely  intended  as  a  specimen  of  a  practical  form  of  exercise, 
and  in  that  light  alone  must  it  be  regarded. 

The  principles  on  which  it  is  worked  out  are  as  follows  : — I  take 
the  plot  and  most  detailed  account  I  can  obtain  of  a  battle  ;  in  this 
case  the  battle  of  Woerth,  as  described  in  the  German  official 
account  of  the  war  of  1870.     Adhering  closely  to  the  text  so  far  as 
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the  incidents  of  the  battle  are  concerned,  I  endeavour  to  follow  the 
movements  of  the  engineer  companies  of  one  or  more  army  corps, 
and  having  traced  their  actual  performances,  I  try  to  draw  up  a 
scheme  for  what  they  might  have  done.  But  in  making  out  this 
scheme  it  is  necessary  as  far  as  possible  to  make  allowances  for  the 
difficulties  under  which  men  labour  during  the  continuance  of  an 
engagement.  They  do  not  know  at  the  time  all  that  we  know  after- 
wards. Much  of  the  work  they  would  execute  must  necessarily 
prove  useless,  as  they  cannot  foresee  the  course  events  will  take. 
To  devise  a  scheme,  therefore,  which  fits  the  events  of  the  battle  as 
they  actually  occurred  would  be  useless,  as  it  would  be  certain  to  be 
very  unlike  anything  that  would  be  done  in  practice.  I  have 
endeavoured  at  each  phase  of  the  battle  to  look  at  things  as  they 
appeared,  or  would  have  appeared,  at  the  time.  The  result,  con- 
sequently, is  very  far  from  being  theoretically  perfect.  I  have 
endeavoured  to  make  my  engineers  do  what,  according  to  my  light.s, 
would  have  been  possible  and  right  under  the  circumstances,  as  they 
actually  were,  but  I  have  not  attempted  to  make  them  perform 
work  which  would  be  only  possible  to  men  who  possessed  more 
information  as  to  the  course  events  would  take  than  they  had  at 
the  time. 

Now,  in  choosing  Woerth  as  an  example,  I  have  been  guided  by 
the  fact  that  in  that  battle  the  work  the  engineers  might  have 
performed  would  not  have  had  any  apparent  effect.  Beyond, 
perhaps,  saving  a  few  men's  lives  by  the  cover  they  afford,  field- 
works  have  no  influence  on  the  course  of  a  battle,  unless  they  are 
attacked.  Field-works  on  the  field  of  battle  may  be  divided  into 
two  classes: — (1).  Those  which  are  intended  for  the  defence  of  the 
position  taken  up  in  front  of  the  enemy,  from  which  the  attacks 
upon  the  foe  are  to  start,  and  upon  which  they  fall  back  in  case  of 
failure.  (2).  Those  constructed  to  strengthen  a  captured  position. 
The  utility  of  the  former  is  only  demonstrated  if  the  enemy  passes 
to  the  attack  before  we  are  ready  to  assume  the  offensive,  or  in  case 
he  makes  a  counter-attack  in  force.  Similarly,  the  use  of  the  latter 
is  only  shown  when  the  enemy  endeavours  to  re-capture  any  point 
we  have  seized.  But  though  in  an  uniformly  successful  action  the 
labour  ex{>ended  in  throwing  up  field-works  is  lost,  the  possibility 
of  theu*  proving  of  value  always  exists.  It  is  for  this  reason  that 
I  believe  that  the  successful  result  of  the  battle  of  Woerth  does 
not  justify  the  Germans  in  iiaving  made  so  little  use  of  the  spade. 
For  many  hours  the  position  of  the  Vth  Corps  was  a  very  critical 


Digitized  by  VjOOQ IC 


43 

one,  and  at  any  moment  it  might  have  found  itself  committed  to  a 
struggle  for  existence  against  the  whole  French  army.  Had 
MacMahon  passed  to  the  attack  in  the  early  liours  of  the  morning 
the  absence  of  field-works  might  have  been  severely  felt.  And  yet 
there  was  plenty  of  time  during  the  evening  of  the  5th  August  and 
morning  of  the  6th  to  have  done  much  to  strengthen  the  position. 
It  seemed  to  me,  therefore,  that  in  this  battle,  more,  perhaps,  than 
in  any  other,  there  was  loom  for  adding  a  hypothetical  action  on 
the  part  of  the  engineers  without  interfering  in  any  way  with  the 
actual  course  of  events. 

In  conclusion,  I  must  point  out  that  the  quotations  in  inverted 
commas  are  taken  from  the  official  account  (English  translation), 
and  that  only  these  quotations  must  be  regarded  as  historically 
correct.  They  form  a  framework  of  truth  surrounding  the 
fictitious  doings  of  the  engineers.* 

R  DA  Costa  Porter,  Lieui.,  R.E. 
The  Stapp  College, 

February  13<A,  1880. 

The  Battle  of  Woerth. 

The  victory  of  VVeissenburg  on  the  4th  August,  1870,  left  the 
German  leaders  in  complete  ignorance  of  the  French  movements. 
They  knew  that  they  had  defeated  only  a  single  division  of  the 
enemy ;  and  in  the  evening  they  lost  all  touch  even  of  that  small 
body.  Arrangements  were,  however,  made  for  a  forward  movement 
in  a  southerly  direction  on  the  following  day,  and  the  corps  were 
to  move  on  the  following  points  : — "  To  guard  the  right  flank  the 
Ilnd  Bavarian  Corps  wjis  to  advance  on  the  Bitsche  road  to  Lembach, 
the  Vth  Army  Corps  to  Preuschdorf,  so  as  to  form  the  advanced 
guard  in  the  event  of  the  operations  being  continued  to  tlie  west- 
ward. The  Xltli  Corps  was  to  take  up  a  position  at  Sulz,  Werder's 
Corps  at  Aschbach,  both  facing  the  south.  The  1st  Bavarian  Corps 
was  to  form  the  general  reserve  at  Ingolsheim.  Sulz  was  expected 
to  be  the  army  headquarters." 

*  NoTB  BY  TBE  EDITOR. — The  FdadcL'  must  clearly  bear  in  miud  that  in 
the  following  paper  all  the  orders  seated  to  be  issued  to  the  engineers,  or  rather 
pioneers,  and  all  that  this  handmaiden  arm  is  stated  to  have  done  before  and 
during  the  battle,  is  fictitious,  with  the  exception  of  the  bridging  of  the  Saner 
with  extemporized  bridges,  and  any  orders  given  as  quotations  from  the 
German  official  account. — Editor. 
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During  the  day  cavalry  reconnaissances  were  pushed  out  to  W., 
S.,  and  S.  W.,  with  the  following  result : — "  On  the  whole,  the 
observations  of  the  cavalry  division  established  the  presence  of 
French  troops  in  considerable  force  behind  the  Saner  at  Woerth. 
The  situation  was  not  quite  clear  at  Hagenau,  because  the  cavalry 
had  been  unable  to  penetrate  as  far  as  that  place ;  nevertheless,  it 
seemed  probable  that  the  troops  posted  there  were  merely  intended 
to  protect  the  railway."  In  the  march  to  their  respective  positions 
the  various  army  corps  also  obtained  some  information.  "  The  Ilnd 
Bavarian  Corps  found  traces  of  the  retreat  of  Douay's  Division  on 
the  Lembach  road."  "  At  Preuschdorf  General  von  Kirchbacb 
(commanding  the  Vth  Corps)  learnt  that  Woerth  and  the  right  bank 
of  the  Sauer  were  strongly  occupied  by  the  enemy."  "The  patrols 
sent  out  towards  this  village  were  fired  upon  from  it ;  extensive 
bivouacs  could  be  distinctly  seen  in  rear  at  Elsasshausen  and  Froesch- 
willer." 

Everything,  therefore,  pointed  to  the  necessity  for  a  change  of 
front  to  the  west  opposite  Woerth,  and  in  consequence  "  the  Crown 
Prince  resolved  to  concentrate  his  army  more  towards  the  right  wing 
on  the  6th  August,  but  in  other  respects  to  give  them  a  day's  rest." 
According  to  the  order  issued  on  the  evening  of  the  5th  August,  the 
Ilnd  Bavarian  and  Vth  Corps  were  to  remain  in  their  positions,  the 
1st  Bavarian  moving  up  to  Lampertsloch.  The  Xlth  was  to  wheel 
to  the  right  to  Holschloch  so  as  to  face  westwards,  and  Werder's 
Corps  was  to  move  upon  its  left  rear  to  Reimersweiler  and  face 
south. 

In  the  meantime  the  outposts  of  the  Vth  Army  Corps  occupied 
the  heights  above  the  Sauer  from  Goersdorf  to  Gunstett,  and  were 
in  immediate  contact  with  the  enemy.  On  their  right  lay  the 
advanced  posts  of  the  Ilnd  Bavarian  Corps,  but  no  enemy  was  felt 
directly  in  their  front.  On  their  left  rear  was  the  Xlth  Corps,  but 
here  again  the  Frenchmen  were  not  visible. 

The  position  of  General  von  Kirchbach  was,  therefore,  some- 
what peculiar.  In  front  of  him  was  known,  or  suspected,  to  lie  the 
bulk  of  the  French  army,  and  should  MacMahon  proceed  to  the 
attack  it  was  on  his  corps  that  the  first  brunt  of  the  fighting  must 
fall.  Should  the  French,  on  the  other  hand,  decide  to  accept  the 
combat  where  they  stood,  the  ground  occupied  by  his  outposts  must 
become  the  position  from  which  the  attack  would  proceed.  It  was, 
therefore,  evident  that  every  effort  should  be  made  to  strengthen 
the  line  of  heights  by  all  possible  means.     On  the  other  hand,  the 
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orders  issued  on  the  evening  of  the  5th  showed  that  the  Crown 
Prince  had  no  intention  of  advancing  to  the  attack  the  next  day, 
and  that,  therefore,  unless  the  French  were  prepared  to  assume  the 
offensive,  the  whole  of  the  6th  and  the  ensuing  night  would  be 
available  for  any  works  that  might  appear  necessary.  Added  to 
this,  the  fact  that  the  troops  had  been  hotly  engaged  the  day  before, 
and  had  accomplished  a  considerable  march  on  that  day,  induced 
the  General  to  decide  on  putting  off  till  the  following  morning  any 
attempt  at  the  regular  preparation  of  the  position.  In  the  mean- 
time, however,  he  issued  orders  to  the  outposts  to  do  what  might  be 
possible,  while  he  commissioned  the  engineers  to  examine  the  grounrl 
well,  decide  on  the  necessary  works  for  the  next  day,  and  make 
their  preparations  accordingly. 

The  line  of  outposts  was  furnished  by  the  20th  Brigade,  which 
was  placed  "  along  the  eastern  edge  of  the  Saner  Valley,  from  the 
Kuhbriicke  through  Spachbach  to  Gunstett.  Of  these,  half  the  Ist 
Battalion  37th  Eegiment  was  at  Goersdorf  ;  the  2nd  Battalion 
50th  and  4th  Squadron  14th  Dragoons  at  Gunstett.  The  remainder 
of  the  20th  Brigade,  with  the  3rd  Squadron  of  the  same  regiment 
of  dragoons,  and  the  6th  Light  Battery,  was  westward  of  Dieffen- 
bacb ;  the  village  being  occupied  by  the  Fusilier  Battalion  of  the 
50th  The  remainder  of  the  10th  Division,  the  9th  Division  and 
the  Corps  Artillery  were  to  the  south  and  east  of  this  village,  on 
both  sides  of  the  Sulz  road.  Mitschdorf  and  Preuschdorf  were 
each  occupied  by  a  battalion  from  the  10th  Division." 

During  the  night  the  following  items  of  work  were  performed, 
but  it  must  be  remembered  that  they  did  not,  at  the  time,  form  a 
portion  of  a  general  scheme  for  the  defence  of  the  position,  but 
were  constructed  rather  with  a  view  to  the  immediate  wants  of  the 
outposts  who  made  them  : — 

The  half-battalion  of  the  37th,  reinforced  by  a  section  of  the  3rd 
Pioneer  Company,  prepared  Goersdorf  for  defence,  barricading  the 
western  entrances,  preparing  the  houses  on  the  western  front,  and 
arranging  the  church  and  the  detached  cemetery  in  rear  of  it  as  a 
reduit.  Towards  morning  a  line  of  shelter-trench  was  also  con- 
structed in  front  of  the  village,  a  step  was  contrived  in  the  road 
embankment  leading  to  the  old  mill  to  serve  as  a  banquette,. and  a 
party  of  pioneers  was  despatched  to  mine  the  bridges  at  Kuhbriicke 
and  Liebfrauenthal,  and  to  prepare  the  old  mill  for  defence. 

The  troops  at  Dieffenbach  took  some  steps  towards  putting  that 
village  in  a  state   of  defence;   they   occupied  and  arranged   the 
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western  border  of  the  Fuchshiibel  wood,  and  sent  an  advanced  post 
into  Spachbach,  which,  however,  was  too  weak  to  do  more  than 
arrange  a  few  of  the  border  houses  for  defence. 

At  Gunstett  "  the  stone  bridge  on  the  Eberbach  road  was  mined, 
the  mill  buildings  arranged  for  defence,  and  the  mill  bridge,  which  had 
been  destroyed  by  the  French,  was  repaired  for  infantry."  In  the 
early  morning  some  shelter-trenches  and  gun-pits  were  formed  on 
the  heights  north  of  the  village. 

In  the  morning,  about  5  a.m.,  the  staff  and  engineer  ofiicers 
directed  to  draw  up  a  scheme  for  the  defence  of  the  position  sent 
in  a  report,  of  which  the  following  is  a  condensation  : — 

(1).  The  French  position  appears  to  be  of  considerable  strength, 
and  to  offer  great  difficulties  to  a  direct  attack.  On  the  other  hand, 
the  ground  our  troops  will  occupy  affords  great  facilities  for  defence. 
As  the  flanks  will  be  supported  by  the  Xlth  and  1st  Bavarian  Corps, 
there  is  no  danger  to  be  feared  except  from  a  direct  attack. 

(2).  In  view  of  a  frontal  attack  by  the  enemy,  the  following 
position  should  be  occupied  : — Commencing  at  Goersdorf,  it  would 
run  along  the  crest  of  the  hills  to  Dieffenbach.  On  the  right  the 
old  mill  and  Liebfrauberg  would  be  held  as  detached  posts,  on  the 
left  the  Fuchshiibel  wood  and  Spachl)ach  must  be  strongly  Tield, 
while  Gunstett  and  the  ground  about  it  must  be  occupied  till  the 
arrival  of  the  Xlth  Corps. 

(3).  For  the  defence  of  this  lino  the  artillery  position  would  run 
along  the  highest  portion  of  the  heights,  from  whence  the  whole  of 
the  ground  as  far  as  and  beyond  the  Sauer  will  be  well  under  fire. 
Should  a  subsequent  attack  have  to  be  made,  however,  the  artillery 
must  be  advanced  some  600  or  700  yards  down  the  slopes.  It  is 
suggested,  therefore,  that  a  line  of  gun-pits  be  constructed  in  the 
position  indicated,  for  defensive  purposes,  and  that  should  this 
evening's  orders  point  to  an  attack  to-morrow,  August  7th,  a  further 
line  of  gun-pits  may  be  constructed  after  sunset  nearer  the  Sauer. 

(4).  The  ground  between  Goersdorf  and  Spachbach  being  very 
open,  shelter-trenches  and  cover-trenches  can  only  be  made  use  of  in 
exposed  situations.  These,  like  the  artillery-pits,  may  be  constructed 
during  the  morning  with  a  view  to  defensive  operations,  and  this 
evening  with  a  view  to  offensive. 

(5).  The  pivot  or  supporting  points  of  the  line  will  be  as  follows  :— 
(1).  The  village  of  Goersdorf. 

(2).  A  redoubt  constructed  on  the  summit  of  the  hill  marked 
780. 
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(3).  The  Fuchshubel  wood. 

(4).  Oberdorf,  with  Spachbach  as  an  advanced  post. 

(5).  Gunstett. 

Preparations  should  be  at  once  made  to  make  these  points  as 
strong  as  possible. 

(6).  The  preparation  of  Mitschdorf,  Preuschdorf,  and  Dieffenbach 
may  prove  useful  in  case  of  a  retreat. 

(7).  As  the  Sauer  would  have  to  be  crossed  before  an  attack  on 
the  enemy's  position  could  be  commenced,  preparations  should  be 
made  for  bridging  it.  As  the  banks  are  very  steep,  pontoons  could 
not  be  used  unless  ramps  of  considerable  size  were  formed.**  The 
proximity  of  the  enemy  would  render  this  work  very  dangerous, 
and,  perhaps,  impossible,  except  during  the  night.  The  trestle 
equipment  should,  however,  be  brought  up,  as  that  may  prove  more 
useful.  We  possess  a  bridge  at  Gunstett  already,  and  should  the 
village  of  Woerth  fall  into  our  hands  we  shall  no  doubt  find  another 
there. 

(8).  A  certain  quantity  of  tools  have  been  found  in  the  villages, 
and  those  of  the  3rd  Company  of  the  Pioneers  are  at  hand.  The 
remainder  of  the  tools  of  the  army  corps,  including  those  of  the 
pioneer  train,  have  been  left  behind  at  Lampertsloch.  They  might, 
however,  be  brought  up  by  10  o'clock. 

Before  this  report  (which  sketched  in  the  merest  outline  the 
work  proposed  to  be  done  during  the  day,  on  the  supposition  that 
the  battle  would  not  take  place  till  the  7th)  had  reached  General  von 
Kirchbach  some  vigorous  skirmishes  had  taken  place  between  the 
outposts  in  front  of  the  Vth  Corps.  The  result  of  these  skirmishes, 
combined  with  a  curious  series  of  mistakes  concerning  the  Crown 
Prince's  orders,  led  to  the  battle  being  fought  on  the  6th,  and  con- 
sequently the  report  became  to  a  great  extent  useless.  It  is 
interesting,  however,  as  showing  what  measures  might  have  been 
undertaken  had  the  armies  remained  in  front  of  each  other  for  24 
hours  after  (as  was  intended)  it  was  sent  in.  It  should  be  remem  ' 
bored,  also,  that  General  von  Kirchbach  had  time  during  the  night 
of  the  5th — 6th  to  execute  a  great  portion  of  the  work  suggested, 
and  that  he  did  not  do  so  was  due  to  the  Crown  Prince's  army-order, 
which  led  him  to  believe  that  he  would  have  plenty  of  time  after 
giving  his  men  a  complete  night's  rest.     Had  it  not  been  for  that 

*  A  pencil  note  on  the  original  manuscript  states  that  the  Sauer  was  such  a 
very  narrow  stream  that  pontoons  could  hardly  have  been  used  efficiently 
Leaping  poles  would  have  been  more  useful !— Editob. 
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order,  the  General  must  have  felt  that  his  corps  would  have  to 
support  the  first  hrunt  of  the  next  day's  fighting ;  and  that  should 
the  enemy  advance  to  the  attack  he  would  require  all  the  assistance 
that  spade-work  would  afford  him  to  maintain  his  ground  till  the 
arrival  of  the  neighbouring  corps. 

The  outpost  skirmish  of  which  I  have  spoken  occurred  chiefly 
at  Woerth  and  Gunstett.     "  Major-General  von  Walther,  conamand- 
ing  the  20th  Infantry  Brigade,  while  making  a  reconnaissance  in 
person  at  4  a.m.,  remarked  an  unusual  noise  and  movement  in  the 
enemy's  camp,  which  led  him  to  conclude  that  the  adversary  was 
moving  away.     In  order  to  be  certain  on  this  point  the  General 
ordered  a  reconnaissance  in  force  beyond  Woerth.     In  compliance 
with  this  the  6th  Light  Battery  first  took  up  a  position  to  the  north 
of  the  Woerth  road  at  7  a.m.,  and  threw  10  shells  into  the  place. 
Upon  this  the  2nd  Battalion  37th  Regiment  advanced  to  the  attack 
in  company  columns.     The  7th  Company,  moving  along  the  road, 
found   the   little   town    unoccupied;    the   bridges,    however,    were 
destroyed."    After  throwing  a  few  men  across  the  river  (which  thcj* 
had  to  wade),  the  presence  of  the  French  being  thoroughly  well 
established,  the  action  was  broken  off  about  half-past  eight,  and  the 
troops  returned  to  their  bivouacs,  with  the  exception  of  half   a 
company,  which  remained  in  the  cemetery  at  Woerth.     As  a  result 
of  this   reconnaissance  a  few  pioneers  were  sent  into  Woerth  to 
attempt  to  repair  the  bridge  there,  a  task  in  which  they  were  only 
partially  successful,  as  their  bridging  equipment  had  not  yet  arrived. 
By  removing  the  flooring  of   some  of  the  houses,  however,    they 
were  enabled  to  repair  it  for  infantry  by  10  o'clock.     The  French 
not  having  advanced  again  to  the  village,  the  pioneers,  aided  by  a 
few  men  detached  from  the  half -company  remaining  in  the  cemetery, 
attempted  to  arrange  the  western  face  of  the  village  for  defence, 
but  owing  to  the  paucity  of  their  numbers,  and  the   instructions 
which  had  been  given  to  them  not  to  draw  the  enemy's  fire  upon 
them,  they  were  not  able  to  effect  much. 

"  Simultaneously  with  these  proceedings  at  Woerth,  fighting  was 
rife  at  Gunstett,  in  which,  however,  the  French  took  the  initiative. 
Of  the  detachment  posted  at  that  place,  the  5th  (Company  50tb 
Regiment  was  pushed  forward  to  the  Bruch  Mill,  the  6th  to  the 
southern  issue  of  the  village ;  the  remainder  in  rear  of  the  latter, 
concealed  by  the  vineyards."  "  At  5  a.m.  a  line  of  skirmishers, 
followed  by  two  companies  of  Zouaves,  advanced  from  the  opposite 
side  of  the  Sauer  valley  towards  the  Bruch  Mill,  but  they  were  soon 


Digitized  by  VjOOQ IC 


49 

impelled  to  retire  by  the  fire  of  the  Prussian  riflemen."  Further 
demonstrations  were  made  against  the  post,  *^  and  a  violent  'shell  and 
musketry  fire  was  directed  against  the  mill  buildings  and  Gunstett. 
The  mill  took  fire;  the  5th  Company,  however,  did  not  quit  the 
Imildings,  and  soon  extinguished  it."  At  8  a.m.  the  2nd  Pioneer 
Company  arrived  at  this  point,  bringing  with  them  instructions  in 
•Gcordance  with  the  report  sent  in  by  the  staff  as  mentioned  above. 
An  attempt  was,  therefore,  made  to  carry  out  these  instructions,  and 
ihe  preparation  of  Gunstett  and  Spachbach  was  at  once  undertaken. 
A  party  of  men  was  also  sent  to  the  heights  north  of  Gunstett  to 
prepare  our  artillery  and  infantry  position  there.  The  cuttings 
through  which  the  road  from  Gunstett  to  Spachbach  ran  were 
arranged  for  musketry,  a  line  of  gun-pits  was  constructed  on  the 
Bummit  of  the  hill,  and  materials  were  collected  for  throwing  foot- 
bridges over  the  Sauer.  These  works  were  somewhat  annoyed  by 
the  enemy's  fire,  but  the  thin  line  of  workmen  suftered  but  slightly 
from  the  shells,  most  of  which  failed  to  explode.* 

It  is  now  necessary  to  turn  for  a  short  time  to  the  movements  of 
the  llnd  Bavarian  Corps,  for  it  was  owing  to  these  the  Vth  Corps 
resumed  the  offensive  a  little  later.  The  Bavarians  had  passed  the 
fiight  at  too  great  a  distance  from  the  scene  of  battle  to  make  their 
operations  of  any  value  for  my  present  purpose,  and  I  shall,  there- 
fore, commence  my  account  of  their  doings  from  6  a.m.,  when  the 
4th  Di\-isioii  was  assembled  at  Mattstall  waiting  the  development 
of  events.  It  was  known  that  the  enemy  were  yet  some  distance  to 
the  front,  and  the  commander.  General  von  Hartmann,  did  not  ex- 
pect to  have  to  fight  on  the  ground  then  occupied.  As  a  matter  of 
precaution,  however,  he  oitlered  his  pioneers  to  undertake  a  few 
defensive  arrangements  in  that  village,  believing  that  they  might 
become  useful  should  a  subsequent  retreat  become  neces?aiy.  He 
was  as  yet  somewhat  ignorant  of  the  course  events  were  likely  to 
take  during  the  day,  but  he  recognized  the  possibility  of  the  line  of 
heights,  across  which  ran  the  road  to  Langensulzbach,  becoming  the 
battlefield  on  which  his  corps  would  have  to  fight.  It  was  further 
evident  that  should  he  have  to  advance  to  the  attack  of  Froescb  wilier 
the  only  available  artillery  positions  must  be  sought  for  on  those 
heights,  and  more  especially  on  the  spur  north  of  the  old  mill.f     He, 

*  **The  enemy,  however,  made  no  real  attack,  but  rather  satisfied  himself 
with  keeping  up  an  artillery  and  musketry  tire,  which  was  answ«:red  by  the 
fnasian  skirmisbers,  and  catuted  them  btU  little  loss." 

j  A  pencil  note  on  the  original  manuscript  states  that  the  trees  covering 
^  spur  were  so  high  that  nothing  could  be  seen  from  it  — Editor. 
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therefore,  isstied  orders  that,  should  an  advance  take  place,  the 
pioneers,  aided  by  such  troops  as  might  be  left  in  reserve,  were  to 
prepare  Langensulzbach  for  defence,  and  construct  such  shelter- 
trenches  and  gun-pits  on  the  heights  as  might  be  required. 

At  about  a  quarter-past  eight  the  increased  noise  of  the  cannonade 
at  Woerth  led  Greneral  von  Hartmann  to  order  the  advance  of  the 
4th  Division  in  the  direction  of  Froeschwiller.  He  was  in  complete 
ignorance  as  to  the  course  events  were  taking  in  front  of  the  Vth 
Corps,  but  he  deemed  it  necessary  to  make  a  diversion  on  the 
enemy's  left  flank,  lest  the  whole  French  army  should  fall  upon  and 
destroy  the  one  German  corps  in  its  front. 

The  advanced  guard  proceeded,  in  consequence,  to  Neehwiller, 
while  the  bulk  of  the  4th  Division,  crossing  at  Langensulzbach, 
wheeled  to  the  south  and  became  hotly  engaged  with  the  hostile 
skirmishers  who  occupied  the  roads  north  of  Froeschwiller.  During 
the  continuance  of  the 'struggle  which  ensued,  most  of  the  reserves, 
which  were  at  first  left  at  Langensulzbach,  were  drawn  into  the 
front  line.  At  10.30  the  Crown  Prince's  orders  to  discontinue  the 
engagements  (orders  which  were  in  reality  meant  for  the  Vth  Corps) 
led  General  von  Hartmann  to  fall  back  again.  At  that  time  his 
front  extended  from  the  saw  mill  in  a  westerly  direction,  along  the 
edge  of  the  Langensulzbach  wald,  while  Neehwiller  was  occupied  as 
a  detached  post  on  the  flank.  The  spur  between  the  saw  mill  and 
the  old  mill  was  also  occupied,  and  formed  the  point  on  which  the 
retirement  took  place,  the  remainder  of  the  line  falling  back 
behind  Langensulzbach,  the  movement  being  completed  about 
11.30  a.m. 

Notwithstanding  General  von  Hartmann's  order,  very  little  work 
wa«  eflected  on  the  heights  in  rear  of  Langensulzbach,  for  the 
reserves,  to  which  had  been  allotted  the  task,  were  very  early 
drawn  forward  into  the  shooting  line.  The  following  items  of  work 
had  been  commenced  : — 

(1).  At  Langensulzbach  the  bridge  had  been  mined,  barricades 
erected  in  the  western  border,  and  some  walls  and  houses  loopholed. 

(2).  Gun-pits  for  three  batteries  had  been  constructed  by  the  1st, 
Ilnd,  and  Vth  Batteries  of  the  4th  Division  on  the  heights  in  rear  of 
the  village,  and  those  of  the  Vth  Battery  were  able  to  direct  their 
fire  towards  Froeschwiller,  though  at  very  long  range. 

(3).  Want  of  men  had  prevented  any  great  length  of  shelter-trench 
being  formed,  but  the  escorts  of  the  batteries  had  entrenched  them- 
selves. 
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(4).  Gun-pits  for  one  battery  bad  been  constructed  on  the  spur 
between  the  two  mills. 

(5).  The  saw  mill  was  arranged  for  defence.  The  old  mill  had 
been  prepared  during  the  night  by  the  outposts  of  the  Vth  Corps. 

In  addition  to  this,  the  advanced  guard  had  commenced  the  pre- 
paration of  Neehwiller,  before  it  was  recalled. 

"We  must  now  depict  the  proceedings  of  the  Vth  and  Xlth 
Corps.  The  Chief  of  the  Staff  of  the  Vth  Corps,  Colonel  von  der  Esch, 
had  proceeded  to  the  advanced  guard  in  consequence  of  the  vigorous 
firing  at  Woerth."  His  intention  at  that  time  was  to  order  the  dis- 
continuance of  the  action,  and  to  arrange  for  the  immediate  execution 
of  the  defensive  plans  drawn  up  by  the  Staff.  "  When  he  arrived 
there,  after  half-past  8  o'clock,  the  reconnoitring  action  had  been 
broken  oflF.  On  the  other  hand,  at  this  time,  from  the  position  on 
the  heights  east  of  Woerth,  the  firing  from  the  direction  of 
Langensulzbach  was  observed  to  be  increasing  in  intensity,  as  well 
u  the  development  of  an  action  at  Gunstett.  Under  these  circum- 
stances Colonel  von  der  Esch,  with  the  concurrence  of  the  commander 
of  ^e  advanced  guard,  considered  it  imperative  to  resume  the 
stru^le  at  Woerth,  so  as  to  prevent  the  enemy  from  turning  with 
his  whole  force  against  one  wing  of  the  German  army."  Thus  the 
SMne  reasoning  that  led  the  Bavarians  to  advance  beyond  Langensulz- 
i»ch  now  induced  the  Vth  Corps  to  re-commence  the  action,  and,  as 
iriU  be  hereafter  seen,  this  renewed  activity  at  Woerth  again  caused 
^e  fiararians  to  advance. 

Although  a  definite  offensive  movement  had  now  been  determined 
on,  Colonel  von  der  Esch  did  not  entirely  give  up  the  idea  of  fortifying 
the  position  from  a  defensive  point  of  view  ;  still,  it  became  necessary 
to  modify  some  of  the  details  contained  in  the  scheme.  The  object 
with  which  the  new  advance  was  undertaken  was  rather  to  make  a 
demonstration  against  the  enemy's  front,  so  as  to  draw  his  attention 
away  from  the  Bavarians,  than  to  attack  his  position  seriously.  It 
vas  hoped,  therefore,  that  the  20th  Brigade,  which  formed  the 
advance  guard,  would  furnish  sufficient  infantry  for  the  purpose, 
while  a  due  importance  would  be  given  to  the  demonstration  by  de- 
ploying the  whole  of  the  Corps  Artillery.  In  order  to  be  prepared 
for  emergencies,  the  main  body  of  the  corps  was  ordered  up  to 
Keffenbach,  and  consequently  the  9th  Division  and  19th  Brigade 
were  formed  up  there  by  10  a.m. 

The  modifications  made  by  Colonel  von  der  Esch  in  the  defensive 
scheme  were  chiefly  the  omission  of  the  redoubt,  for  the  construction 
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of  which  there  would  not  now  be  time,  and  the  creation  of  the 
advanced  line  of  gun-pits  now  instead  of  in  the  evening.  The  pre 
parations  necessary  for  the  approaching  passage  of  the  Sauer  were 
pushed  on,  and  two  engineer  officers  were  sent  forward  to  examine 
the  stream  and  report  upon  the  most  suitable  points  for  effecting 
this.  The  construction  of  the  advanced  line  of  gun  pits  for  84  guns 
was  proceeded  with,  the  guns  in  the  meantime  occupying  a  slightly 
advanced  position.  For  this  purix)se  there  were  available  the  escorta 
of  the  batteries  and  one-half  of  the  1st  Pioneer  Company.  These 
supplied  five  men  and  one  sapper  to  each  gun -pit,  or  420  infantry 
soldiers  and  84  sappers  in  all.  The  gunners  were  unable  to  assist  in 
the  work,  as  they  came  into  action  almost  as  soon  as  they  came  up. 

After  10  o'clock  other  portions  of  the  9th  Division  were  employed 
on  the  following  works,  and  remained  so  employed  till  1  o'clock  : — 

(1).  The  preparation  of  Goersdorf  was  continued,  and  a  shelter- 
trench  constructed  along  the  road  leading  to  the  house  at  Liebfrau- 
berg,  this  latter  being  also  put  in  a  state  of  defence. 

(2).  Shelter-trenches  were  constructed  connecting  Goersdorf  with 
the  right  of  the  line  of  guns,  the  trenches  making  a  bend  outwards 
round  the  hill  near  Goersdorf. 

(3).  A  second  line  of  shelter-trenches  was  constructed  between 
Goersdorf  and  DiefTenbach,  gun-pits  being  also  formed  along  this  line, 

(4).  The  preparation  of  Dieffenbach  was  continued. 

(5).  The  border  of  the  Fuchshiibel  wood  was  prepared  for  defence, 
and  part  of  the  narrow  tongue  of  trees  running  to  the  Sauer  was 
cleared  away. 

(6).  Shelter-trenches  were  constructed  connecting  the  left  flank 
of  the  line  of  guns  with  Spachbach,  the  preparation  of  that  village 
being  also  continued. 

While  these  defensive  arrangements  were  being  undeitaken  some 
of  the  pioneers  were  employed  in  preparing  for  the  passage  of  the 
Sauer.  It  was  discovered  that  the  baulks  of  the  bridge  equipment 
would  be  long  enough  to  reach  from  bank  to  bank,  and  messengers 
were,  therefore,  sent  to  the  rear  to  hurry  up  the  light  pontoon  train. 
It  was  found  impossible  to  bnng  this  up  in  time,  and  as  a  temporary 
expedient  a  quantity  of  hop-poles  were  collected  from  the  adjacent 
fields.  These  were  tied  together  in  bundles  and  placed  across  the 
stream,  thus  forming  a  rough  foot-bridge,  subsequently  used  by  the 
infantry,  who  also  waded  through  the  stream  at  many  points, 
although  the  water  was  breast  high. 

The  fire  of  the  long  line  of  artillery  having  soon  reduced  the 
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French  guns  to  silence,  "  General  von  Kirchbach  gave  orders,  soon 
after  10  o'clock,  for  the  advanced  guard  to  re-occupy  Woerth  and  to 
advance  to  the  heights  beyond."  The  attack  was  made  in  two 
columns,  "  2J  battalions  of  the  Fusilier  Regiment  crossing  the  Sauer 
at  Woerth,  and  two  battalions  of  the  50th  at  Spachbach." 

It  will  be  remembered  that  after  the  failure  of  the  first  advance 
the  town  of  Woerth  had  been  evacuated  except  by  two  companies  of 
fusiliers  and  a  party  of  pioneers.     These  had  made  preparations  for 
the  repair  of  the  bridge,  and  the  advance  of  the  troops  was  now 
facilitated  by  this  precaution.     Debouching  beyond  Woerth,  the  line 
of  hills  was  soon  gained,  but  after  a  sanguinary  combat  the  men 
vere  driven  back  upon  AVoerth,  the  western  border  of  which  was 
occupied  and  arranged  for  defence.     Further  to  the  south  the  two 
\iatuUons  of  the  50th  were  equally  unable  to  maintain  themselves 
npon  the  heights,  but,  occupying  the   ditches  upon  the  Woerth- 
MoTsbronn  road,  they  held  their  ground  on  the  right  bank  of  the 
river.    The  whole  of  the  advanced  guard  was,  therefore,  employed 
m  retaining  possession  of   the  narrow  strip   of   ground   they  had 
•eized  beyond  the  Sauer ;  and  if  they  were  successful  in  maintain- 
ing their  positions,  they  were  at  least  as  unsuccessful  in  all  attempts 
to  push  beyond  it.     At  Woerth  more  than  one  attempt  was  made  to 
gain  ground,  always  fruitlessly ;  and  more  than  once  the  French 
advanced  to  seize  the  town,  but  never  successfully.     With  the  excep- 
tion of  loopholing  a  few  houses  in  Woerth,  there  was  no  possibility 
of  executing  any  work  ;  the  men's  energies  were  fully  employed  in 
repelling  the    enemy's   vigorous   counter-strokes.      Happily  those 
counter-strokes   were   never  made  in   great    force ;    no   organized 
attempt  was  made  to  drive  the  Germans  across  the  Sauer,  and  the 
enemy's  offensive  movements  vrere  confined  to  the  temporary  advance 
of  a  company  or  a  battalion  when  an  opportunity  seemed  to  present 
itsell    Affairs  remained  in  this  state  till  12.30,   about  two  hours 
after  the  first  advance  was  sounded,  and  one  hour  after  the  failure 
of  the  attack. 

At  that  hour  a  fresh  change  took  place  in  the  character  of  the 
attack  made  by  the  Vth  Corps,  but  as  that  change  was  due  to  the 
action  of  the  Xlth  and  Bavarian  Corps,  it  is  necessary  now  to 
enquire  into  their  movements. 

The  Xlth  Corps,  under  the  command  of  Lieutenant-General  von 
Bose,  had  bivouacked  on  the  night  of  the  5th  near  Sulz.  According 
to  the  orders  received  from  the  Crown  Prince,  General  von  Bose  in- 
tended wheeling  to  his  right  and  bivouacking  at  Holschloch,  push- 
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ing  forward  the  4l8t  Brigade,  accompanied  by  two  squadroBS  of  the 
14th  Hussars  and  two  batteries  of  artillery,  towards  the  Sauen 
This  advanced  guard  was  to  occupy  the  forest  lying  in  front  of 
Holschloch  and  the  ground  in  front  of  it,  connecting  with  the  left 
flank  of  the  Vth  Army  Corps  at  Gunstett,  and  orders  were  issued  ta 
it  to  prepare  defensively  the  ground  occupied.  The  following 
points  were  brought  to  the  notice  of  Colonel  Koblinski,  commanding 
the  advanced  guard,  to  guide  him  in  carrying  out  these  orders  ; — 

(1).  The  Vth  Army  Corps  occupies  a  position  in  proximity  to  the 
enemy,  with  its  left  flank  resting  on  Gunstett.  An  advance  of  the 
enemy  from  Morsbronn  and  Durrenbach  might  threaten  this  flank^ 
and  consequently  a  position  should  be  prepared  facing  south,  and 
connecting  Gunstett  with  the  Holschloch  wood. 

(2).  As  no  offensive  movement  is  intended  for  this  day,  there  will 
be  ample  time  to  carry  out  such  works  as  may  be  necessary. 

(3).  As  the  position  of  the  Vth  Corps  is  somewhat  extended,  it  is 
likely  that  the  occupation  of  Gunstett  may  be  handed  over  entirely 
to  the  Xlth  Corps. 

The  engineer  staff"  had  examined  the  ground  during  the  night 
and  drawn  up  the  following  report : — 

(1).  The  general  line  of  the  position  will  be  along  the  Gunstett- 
Holschloch  road ;  the  right  resting  on  Gunstett,  the  left  extending 
to  the  east  border  of  the  Holschloch  wood. 

(2).  The  preparation  of  Gunstett  and  the  heights  north  of  it  has 
been  commenced  by  the  outposts  of  the  Vth  Corps ;  it  will  be  only 
necessary  to  complete  their  arrangements. 

(3).  Excellent  artillery  positions  exist  to  the  north  of  the  main 
road,  from  which  the  passages  over  the  Sauer  and  Bieberbach 
can  be  thoroughly  commanded.  A  line  of  gun-pits  may  be  con- 
structed there. 

(4).  A  line  of  shelter-trench  may  be  formed  near  the  foot  of  the 
hills,  along  the  lower  road,  a  second  line  being  formed  along  the 
upper  road. 

(5).  Gunstett  lends  itself  well  for  defence.  The  Sauer  forms  a 
wet  ditch  round  it,  completely  under  the  musketry  fire  of  the  de- 
fenders. The  houses  are  well  built  and  afford  facilities  for  flank 
defence.  The  western  face  is  flanked  by  a  triangular  projection  of 
the  village  and  by  the  road  embankment.  The  southern  face  is  the 
narrowest,  and  at  this  point  there  are  some  large  mill  buildings 
forming  a  strong  poijit  d'appui.  Two  roads  crossing  the  Bieberbach 
and  Sauer  by  small  stone  bridges  are  swept  by  the  fire  of  this  mill. 
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The  eastern  face  is  well  flanked  by  the  houses  along  the  Holschloch 
road. 

(6).  It  will  be  necessary  to  occupy  the  southern  border  of  the 
Bokhloch  wood  defensively,  and  as  the  trees  are  mostly  young  and 
d  small  girth,  it  may  be  found  possible  to  form  an  abattis.  The 
eastern  and  western  borders  may  also  be  prepared  defensively. 

(7).  Should  the  enemy  attempt  to  neglect  the  village  and  wood 
and  to  advance  between  them,  he  will  be  under  the  effective  infantry 
fire  of  one  or  other  of  them,  for  they  are  but  2,000  yards  apart. 
As  a  wooded  watercourse,  however,  exists  midway  between  them, 
special  precautions  must  be  taken  at  this  point.  Should  time  admit, 
the  wooding  may  be  cleared  awa}',  and  gun -pits  for  at  least  one 
battery  should  be  made  firing  straight  down  the  watercourse. 

(8).  The  occupation  and  prepai-ation  of  Biblisheim  might  be 
advantageous,  as  it  would  enable  patrols  to  search  the  Oberstrieton 
wood  Should  the  offensive  bo  hereafter  assumed,  this  point  would 
become  of  importance  on  account  of  the  bridge  at  that  point. 

With  this  information  at  his  command,  Colonel  von  Koblinski 
commenced  his  march  at  5.30  a.m.,  followed  at  6  a.m.  by  the 
remainder  of  the  21st  Division. 

"About  7  a.m.,  while  on  the  march,  the  sound  of  guns  was 
andible  in  the  direction  of  Woerth,  but  as  it  again  ceased  the  men 
moved  into  the  bivouacs  previously  indicated,  and  commenced  to 
take  up  their  quarters  and  place  outposts."  In  the  meantime  the 
advanced  guard,  "  emerging  from  the  wood,  saw  a  French  camp  on 
the  heights  beyond  Gunstett,  and  at  the  same  time  the  cannonade  at 
Woerth  increased  in  intensity." 

In  consequence  of  this,  Lieutenant-General  von  Schachtmeyer, 
commanding  the  division,  "at  once  ordered  the  3rd  Battalion  of 
the  80th  Regiment  to  advance  to  the  support  of  the  troops  of 
the  Vth  Army  Corps  at  Gunstett,  while  the  rest  of  the  infantry 
of  the  advanced  guard  formed  up  at  the  western  issue  of  the 
wood." 

The  precipitate  action  of  the  20th  Brigade  of  the  Vth  Army 
Corps  had,  therefore,  completely  altered  the  ideas  of  the  leaders  of 
the  Xlth  Corps,  and  made  it  appear  necessary  to  prepare  for  an 
immediate  engagement,  rather  than  to  take  precautions  for  a  pro- 
longed period  of  rest.  The  first  action  taken  under  these  new  ideas 
was  more  of  a  negative  than  of  a  positive  character.  The  defensive 
wheme  was  for  the  present  put  on  one  side,  and  while  one  battalion 
of  the  advanced  guard  was  allowed  to  j^roceed  to  its  destination  at 
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Gunstett,  the  remainder  of  the  brigade  was  retained  in  hand  waiting 
for  eventualities. 

"  At  8  o'clock  a  hostile  battery  appeared  on  the  heights  beyond 
the  Sauer ;  at  the  same  time  a  battalion  was  seen  descending  the 
slopes  to  attack  Gunstett." 

This  fact,  combined  with  the  sound  of  an  engagement  at  Woerth, 
induced  the  General  of  the  division  to  believe  that  the  French  had 
advanced  to  the  attack.  Knowing  that  the  Vth  Corps  was  exposed 
to  the  entire  strength  of  the  enemy's  army,  it  was  deemed  far  better 
to  hurry  to  the  assistance  of  General  von  Kirch  bach  rather  than  to 
spend  the  time  in  constructing  works  which  might  have  to  be 
evacuated  as  soon  as  finished. 

**The  advanced  guard,  therefore,  received  orders  to  follow  the 
battalion  which  had  already  preceded  them  in  this  direction,  with  a 
view  to  defending  the  eastern  bank  of  the  Sauer."  The  divisional 
artillery  was  also  brought  forwaixi,  and  posted  on  the  heights  north 
of  Gunstett,  at  which  point  they  found  gun-pits  already  made  for 
them  by  the  pioneers  and  outposts  of  the  Vth  Corps  (see  above). 
Orders  were,  in  addition,  sent  to  the  remainder  of  the  division  to 
support  the  advance,  and  at  9  a.m.  the  troops  were  arranged  as 
follows  : — 

One  and  a-half  battalions  of  the  87th  Regiment,  with  a  battalion 
of  the  80th  in  support,  were  at  Oberdorf,  one  battiilion  of  the  80th 
was  acting  as  escort  to  the  guns  on  the  heights  above  Gunstett. 
The  remainder  of  the  two  regiments,  consisting  of  two  and  a-half 
battalions,  were  in  the  village.  Of  the  remainder  of  the  division, 
the  11th  Rifles  had  advanced  to  Gunstett,  while  the  42nd  Brigade 
was  massed  at  the  western  border  of  the  Holschloch  wood. 

It  should  be  remembered  that  as  yet  there  was  no  intention  of 
commencing  an  offensive  battle,  and  that  the  arrangements  just 
described  had  been  ma<le  with  the  view  of  sup()orting  the  Vth  Corps 
against  what  appeared  to  be  the  commencement  of  a  general  attack 
of  the  French.  Though  the  necessities  of  the  situation  had  induced 
General  von  Schachtmeyer  to  push  forward  his  whole  advanced 
guard  into  Gunstett,  he  still  intended  to  carry  out  the  general  idea 
of  occupying  a  position,  facing  south,  between  Gunstett  and 
Holschloch.  He,  therefore,  ordered  the  42nd  Brigade  to  undertake 
the  construction  of  the  defensive  works  indicated  in  the  engineers' 
report.  As  matters  up])eare(l,  however,  to  be  in  a  somewhat  critical 
state,  he  ordered  that  the  l)rigade  should  be  kept  in  hand  as  far  as 
possible,  and  that  tiie  work  should  be  commenced  by  the  two  corn- 
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panics  of  pioneers  that   accompanied  the  division,  aided   by  the 
smallest  working  parties  that  could  be  deemed  sufficient. 

These   orders  were  never  carried  out,  for  within  an  hour  the 
bngade  was  called  into   the  first  line.     The  advanced  guard  had 
attempted  to  cross  the  Sauer,  and  after  a  sanguinary  struggle  had 
been  driven  back,  and  the  aspect  of  affairs  was  so  threatening  that 
General  von  Bose,  who  now  appeared  upon  the  scene,  was  forced  to 
order  up  the  22nd  Division  from  Sarburg,  and  to  bring  the  42nd 
Bngade  to  the  aid  of  the  41st.     Shortly  after  a  message  arrived 
from  General  von  Kirchbach  praying  for  energetic  co-operation  in 
an  attack  upon  the  enemy,  and  from  this  moment  all  idea  of  fortify- 
ing the  Gunstett-Holschloch  position  was  abandoned.      Instead  of 
remamiDg  on  the  defensive  behind  the  Sauer,  General  von  Bose  now 
detennined    to   commit  his  corps  to  a  determined   attack  on  the 
enemy's  position,  trusting  to  the  advance  of  Werder's  corps  for 
support  in  case  of  defeat 

"In  the  manner  just  detailed  were  the  three  corps  of  the  Ilird 
Army  in  first  line  committed  in  greater  or  less  force  to  an  engage- 
ment, during  the  course  of  which  advantages  which  had  been 
Aeiived  had  either  to  be  again  yielded,  owing  to  heavy  losses,  or 
▼ere  maintained  only  with  great  difficulty  against  the  vigorous 
0R4aTights  of  the  French.  General  von  Kirchbach  felt  compelled  to 
take  the  responsibility  upon  himself  of  a  very  momentous  decision." 
Notwithstanding  the  Crown  Prince's  reiterated  commands  that 
no  offensive  battle  should  be  commenced  on  that  day,  the  force  of 
awomstances  had  greatly  compromised  the  advanced  guards  of 
tiffee  army  corps.  To  withdraw  now  would  be  very  difficult,  but 
even  if  it  proved  possible,  it  would  yield  the  enemy  the  moral 
arI\iTaatage  of  a  victory.  "  General  von  Kirchbach,  therefore,  ordered 
kis  corps  to  make  a  fresh  advance ;  he  reported  to  this  effect  to  the 
Comnj^der-in-Chief,  and  requested  the  neighbouring  corps  to  lend 
tteir  co-operation." 

We  first  measures  ordered  by  General  von  Kirchbach  in  order  to 
<^  out  his  new  intentions  included  the  reinforcement  of  the 
front  line  by  the  19th  Brigade,  and  the  advance  of  the  9th  Division 
nearer  to  the  front.  In  consequence  of  these  orders  all  organized 
vork  on  the  defensive  position  ceased  at  noon,  or  two  hours  after  it 
had  been  commenced,  and  the  battle  finally  assumed  an  offensive 


%  1  o'clock  the  9th  Division  had  been  called  into  the  front  line, 
tlie  17th  Brigade  on  the  right  at  Woerth,  the  18th  on  the  left  at 

Digitized  by  VjOOQ IC 


68 

Spachbach,  and  from  this  time  no  formed  bodies  of  reserves  were  left^ 
on  the  eastern  bank  of  the  Sauer.     At  the  same  time,  however,  it> 
was  found  impossible  to  bring  the  whole  of  these  fresh  troops  into 
line.     "The  advance  of  the  17th  Brigade  through  Woerth  met  with 
frequent  obstructions.     The  bridges  had  been  repeatedly  damaged, 
the    roads   were    encumbered    with    troops,   wounded    men,   and 
frightened  townspeople ;  the  bursting  of  shells  increased  the  con- 
fusion."    For  these  reasons  two  battalions  of  the  58th  alone  suc- 
ceeded in  passing  through  the  town,  the  remaining  battalion  of  that 
regiment,  together  with  the  2nd  Battalion  of  the  59th  (the  two  other 
battalions  of  which  had  gone  to  Goersdorf ),  remained  at  the  cemetery. 
Those,  with  the  2nd  Battalion  of  the  6th  Regiment,  belonging  to 
the  19th  Brigade,  formed  a  temporary  reserve,  the  only  available 
one  of  the    army  corps.      Though  practically  forming  a  reserve, 
these  three  battalions   could    not  execute  any   defensive   works. 
Their  present  position  was  due  to  accident,  and  their  commanders 
intended  moving  forward  at  the  earliest  opportunity.     This  oppor- 
tunity soon  arrived.      "  A  favourable  moment  was  chosen  about 
2  p.m.,  when  a  fresh  forward  movement  of  the  French  upon  Woerth 
had  been  repulsed  with  great  slaughter."     A  determined  attack  was, 
therefore,  made  upon  the  heights  in  front,  the  edge  of  which  was 
gained  and  occupied  by  dense  bodies  of  skirmishers  ;  but  all  further 
advance  failed  for  the  time  being.     The  level  ground  on  the  summit 
of  the  heights  was  swept  by  the  close  fire  of  the  enemy's  infantry, 
and  the  men  could  not  maintain  themselves  on  it.     Seeking  shelter 
below  the  crest  of  the  hill,  the  skirmishers  were  equally  able  to 
prevent  any  advance  of  the  enemy,  and  for  a  time  the  action  came 
to  a  standstill.     On  the  left  two  half -moon  shaped  breastworks  had 
been  captured,  and  these  now  proved  of  advantage  to  the  assailant. 
Placed  on  the  plateau,  their  defenders  had  not  been  able  to  sweep  the 
ground  in  front  of  them,  and  consequently  the  German  skir^iishers 
had  been  able  to  advance  to  their  capture  with  comparatively  small 
loss.     Once  in  their  possession,  the  parapets  afforded  a  very  efficient 
cover  to  the  men,  and  being  placed  on  the  plateau,  the  men  lining 
them  were  able  to  keep  up  an  effective  fire  on  the  retreating  French. 
By  2.45  p.m.  the  crest  of  the  hills  was  everywhere  in  the  posses- 
sion of  the  German  troops,  but  the  entire  energies  of  the  men  were 
taken  up  in  maintaining  their  positions,  and  no  further  advance  would 
be  attempted  for  the  present.     There  was  no  possible  opportunity  for 
the  employment  of  the  spade  in  forming  shelter  for  the  men  in  their 
exposed  position,  for  the  struggle  was  of  far  too  hot  a  nature  to 
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make  it  possible  for  the  men  to  work.  Here  and  there  a  rough 
breastwork  was  hastily  formed  by  piling  a  few  logs  that  lay  ready 
cut  upon  the  ground,  but  such  cover  as  was  used  was  sought  for  on 
the  banks  and  ditches,  and  other  existing  features  of  the  ground. 

Of  the  three  companies  of  pioneers  present  with  the  army  corps, 
one  repaired  the  bridge  of  Woerth  to  make  it  available  for  artillery, 
and  at  half-past  two  advanced  to  the  front  line  to  be  ready  for 
emei^gencies.  Of  the  other  two,  one  had  prepared  several  foot- 
bridges over  the  Sauer,  and  then,  entering  Woerth,  had  endeavoiured 
to  perfect  the  defensive  arrangements  in  that  place.  The  other,  at 
Goersdorf,  had  continued  the  preparation  of  that  place,  and  subse- 
quently  took  part  in  the  movements  of  the  Bavarian  Corps,  which, 
however,  will  not  be  entered  into  in  detail  for  want  of  space. 

We  will  now  turn  once  more  to  the  proceedings  of  the  Xlth 
Corps,  which  "we  left  at  the  point  where  the  41st  Brigade  was 
pressed  back  to  the  eastern  bank  of  the  Sauer,  and  the  22nd  Division 
bad  received  orders  to  advance  against  the  enemy's  right  flank.'' 
Tbis  movement  had  completely  altered  the  ideas  under  which  the 
corps  had  up  to  this  moment  been  acting.  It  was  no  longer  a 
(\Tttsdon  of  fortifying  a  position  facing  south  on  the  line  Gunstett- 
Holgcbloch.  The  corps  was  to  advance  on  Gunstett  with  the  object 
of  crossing  the  Sauer,  and  if  any  defensive  works  were  to  be  con- 
s&tttted,  they  would  be  on  the  Gunstett-Biblisheim  direction.  At 
this  time  the  1st  Pioneer  Company  was  in  Gunstett  with  the  portion 
of  the  21st  Division  at  that  place,  and  as  the  village  might  possibly 
become  the  key  of  the  whole  left  flank  of  the  position  should  the 
French  assume  the  offensive,  the  entire  energy  of  the  company'  was 
directed  to  preparing  it  for  defence.  The  proceedings  of  this  com- 
pany need  not,  therefore,  be  further  alluded  to.  The  22nd  Division 
in  its  advance  broke  up  into  two  columns,  the  43rd  Brigade  advanc- 
ing towards  Durrenbach,  the  44th  towards  Gunstett  and  Spachbach. 
The  3rd  Pioneer  Company  accompanied  the  former,  the  2nd  the 
^tter.  The  Ist  Pioneer  Company  having  been  directed  to  remain 
at  Gunstett,  the  2nd  Pioneer  Company  was  ordered  to  divide  itself 
into  two  sections,  one  to  accompany  the  advance  from  Spachbach, 
the  other  that  from  Gunstett. 

The  immediate  plan  of  the  German  commander  now  consisted  in 
attacking  the  Niederwald  and  the  Albrechtshaiiserhof  in  front  from 
Spachbach  and  Gunstett,  while  the  left  column,  crossing  the  Sauer 
between  Gunstett  and  Biblisheim,  should  attempt  to  turn  the  French 
^ght  at  Morsbronn.    We  will  now  take  in  succession  the  three  bodies 
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of  engineers,  viz.,  the  two  halves  of  the  2nd  Company  and  the    3rd 
Company,  and  endeavour  to  realize  their  position. 

Half  2nd  Pioneer  Corps  at  Spaclibiich. — The  Sauer  in  the  immediate 
front  would  have  to  be  crossed  at  the  commencement  of  the  attack, 
and  for  this  purpose,  in  the  absence  of  bridging  material,  it  -was 
necessary  to  collect  such  planks  and  other  timbers  as  could  be  found 
in  the  village  wherewith  to  construct  foot-bridges.  When  the 
infantry  were  crossing  the  open  ground  beyond,  there  would  be 
nothing  for  the  engineers  to  do,  but  when  the  Niederwald  \^as 
I'eached  it  was  at  least  possible  that  the  presence  of  a  number  of 
cutting  tools,  and  trained  men  to  use  them,  would  be  found  usefuL 
Besides,  there  would  be  Vmt  little  risk  then  in  crossing  the  open 
ground  in  rear  of  the  infantry.  What  might  be  required  could  not 
be  seen  owing  to  the  wood,  but  it  was  determined  not  to  take  any 
further  tools  forward  at  once,  but  to  leave  them  with  a  small  party 
in  the  village.    Some  guncotton  and  fuzes,  however,  were  also  carried. 

Half  2nd  Pioneer  Company  at  Gumteit, — Same  preparations  for 
crossing  the  Sauer.  Here  also  the  engineers  were  to  remain  behind 
until  the  infantry  had  crossed  the  open  space  to  the  Hagenau  road. 
The  well-built  Albrechtshaiiserhof  would  evidently  have  to  be 
captured ;  for  this  purpose  some  guncotton  might  prove  usefuL 
The  building  would  then  have  to  be  prepared  for  defence,  and  crow- 
bars, chisels,  etc.,  would  be  wanted.  Entrenching  tools  were  also 
likely  to  prove  useful  at  this  point,  and  it  was,  therefore,  arranged 
that  as  soon  as  the  building  had  been  captured,  an  officer  (left  behind 
for  the  purpose)  should  bring  them  forward. 

3rd  Pioneer  Company. — Two  streams  would  have  to  be  crossed  in 
this  case,  the  former  by  an  existing  bridge.  As  there  was  but  little 
or  no  opposition  to  the  advance  of  the  left  column,  there  w^as  but 
little  difficulty  in  effecting  the  passage  of  the  second  and  smaller  one. 
It  was  possible,  however,  that  a  prolonged  village  fight  would  take 
place  at  Morsbronn,  and  guncotton,  crowbars,  etc.,  might  be  re- 
quired, while  the  village  would  subsequently  have  to  be  put  into  a 
state  of  defence. 

At  12  o'clock  the  three  attacks  were  commenced,  nearly  simul- 
taneously. The  right  column  succeeded  in  penetrating  the  Nieder- 
wald, and,  wheeling  to  the  right,  occupied  the  northern  lx>ixler, 
where  they  were  checked  at  about  12.45  p.m.  Though  the  fight 
was  somewhat  stationary  here  for  more  than  an  hour,  it  was  of  too  i 
hot  a  nature  to  permit  of  any  work  being  done,  and  the  engineers 
were  kept  back  under  cover  of  the  wood.  j 


Digitized  by  VjOOQIC 


61 

The  second  column  advanced  to  the  attack  of  the  Albrechtshaiiser- 
hof,  but  though  the  defence  was  obstinate,  it  partook  entirely  of 
the  nature  of  a  free  fight.  Until,  therefore,  the  building  caught 
fire  and  was  evacuated  by  the  French,  no  work  was  found  for  the 
engineers  to  do.  Then,  however,  they  at  once  advanced  to  the 
building,  and  having  extinguished  the  flames,  an*anged  the  ruins 
for  defence,  creating  a  small  defensive  position  around  it  in  case  the 
assault  on  the  wood  in  front  should  fail. 

In  the  meantime  "  the  village  of  Morsbronn,  which  was  but  weakly 
oceupied,  was  captured  at  the  first  rush.     Having,  by  the  capture 
of  the  positions  of  Morsbronn  and  Albrechtshaiiserhof,  won  the  first 
points  of  support  on  the  western  bank  of  the  Sauer,  the  next  ques- 
tion was  the  combined  advance  against  the  Niederwald."     "To  carry 
this  into  effect,  the  Prussian  troops  at  Morsbronn  must  wheel  to  the 
right  and  move  in  a  north-westerly  direction."     It  was  then  deter- 
mined to  leave  half  the  Pioneer  company  at  Morsbronn,  to  place  it  in 
a  state  of  defence,  while  the  other  half  should  udvance  to  the  hill 
marked  756  in  the  map  as  soon  as  it  had  been  crowned  by  the  infan- 
try, and  there  commence  gun-pits  for  an  artillery  position  to  aid  in 
tbe  assault  on  the  Niederwald.     Before,  however,  these  arrangements 
could  be  carried  out,  a  furious  charge  of  Michel's  brigade  of  cuiras- 
siers took  place.      The  3rd  Pioneer  Corps  happened  at  that  time 
(apparently  without  any  definite  reason)  to  be  in  the  front  line  on 
t^e  left,  and  it  took  a  part  in  resisting  the  attack. 

The  left  column  now  advanced  and  joined  the  left  wing  of  the 
tToops  at  Albrechtshaiiserhof,  who  were  now  advancing  again  after 
a  temporary  repulse,  during  which  the  buildings  placed  in  a  state 
of  defence  (as  already  described)  had  alone  been  held.  These  build- 
ings checked  the  French  counter-stroke,  and  materially  assisted  the 
Germans  in  regaining  the  lost  ground.  About  this  time  also  the 
French  evacuated  Eberbach,  which  was  occupied  by  some  of  the 
troops  from  Morsbronn. 

"The  right  wing  of  the  French  having  thus  been  thrown  back 
into  the  Niederwald,  the  next  point  for  consideration  was  the 
Crown  Prince's  instructions,  which  had  meanwhile  arrived,  for  a 
further  advance  upon  the  hostile  positions  at  Elsasshausen*  and 
Froeschwiller,  in  concert  as  much  as  possible  with  the  attack  of  the 
Vth  Army  Corps  in  front.     In  order  to  secure  its  success,  General 


*  A  pencil  note  on  the  original  manuscript  states  that  Elsasshausen  consisted 
of  only  13  or  14  wattle  and  daub  cottages.— Editor. 
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von  Bose  did  not  hesitate  to  employ  his  whole  force,  and,  therefore, 
gave  orders  to  bring  up  the  artillery  and  the  three  battalions  in 
reserve  at  Gunstett."  These  troops  crossed  the  river,  and  following 
the  Woerth  road  east  of  the  Niederwald,  advanced  to  the  ravine 
beyond  it  leading  to  Elsasshausen.  In  the  meantime  the  two 
columns  between  Eberbach  and  Albrechtshaiiserhof  entered  the 
Niederwald,  and  succeeded  in  reaching  the  further  edge.  It  will  be 
noticed,  therefore,  that  the  gun-pits  constructed  on  the  hill  marked 
756  facing  the  Niederwald  were  neither  used  nor  required. 

There  were  now  with  the  advancing  troops  only  the  two  halves  of 
the  2nd  Pioneer  Corps,  the  remainder  of  the  engineers  being  em- 
ployed in  rear  on  work  which  might  have  proved  useful  in  case  of  a, 
reverse,  but  which,  under  the  actual  circumstances  of  the  case,  were 
without  value. 

"  The  result  of  these  successes  was  to  force  back  the  right  wing 
of  the  French  army  to  Elsasshausen  ;  we  were  now  immediately  in 
front  of  the  enemy's  position  at  that  point.  It  was  strongly 
occupied ;  several  batteries  were  posted  on  the  heights  westward  of 
the  village,  and  in  rear  of  it  strong  reserves  were  visible."  "  Despite 
the  withering  fire  of  the  French,  the  open  space  between  the  wood 
and  the  village  was  traversed."  A  short  but  sharp  struggle  ensued, 
and  the  village  was  captured,  the  left  wing  of  the  Vth  Corps  assist- 
ing in  the  assault. 

There  was  now  again  a  pause  in  the  struggle  while  preparations 
were  made  for  the  final  crisis.  "  The  front  of  the  new  position  ran 
in  general  along  the  road  from  Elsasshausen  to  Gundershoifen."  It 
was  absolutely  impossible  to  get  any  work  done  in  the  open,  owing 
to  the  heavy  fire  of  the  enemy,  but  the  village  itself  was  placed  in  a 
state  of  defence.  Even  this  work  was  seriously  incommoded  by  two 
counter-attacks  delivered  by  the  French  during  the  hour  that 
preceded  the  capture  of  the  village.  And  now,  about  3  p.m.,  the 
final  blow  was  to  be  struck. 

Want  of  space  compels  me  to  omit  any  mention  of  the  operations 
of  the  Wurtemburg  Division  and  the  Bavarian  Corps.  SuflBce 
it  to  say  these  had  now  all  come  into  play,  and  the  circle  round 
Froeschwiller  was  becoming  narrower  and  tighter.  I  must  return, 
however,  for  a  brief  space  to  the  Vth  Corps,  which  we  left  clinging 
desperately  to  the  edge  of  the  plateau  on  which  Froeschwiller  stands. 
With  the  advance  there  was  one  company  of  pioneers.  The  com- 
pany lost  very  severely  during  the  forward  movement,  and  this  loss 
was  not  compensated  for  by  any  opportunity  of  doing  useful  work 
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liefoFe  the  final  attack  took  place.  It  may  be  doubted,  therefore, 
iBrhether  it  would  not  have  been  wiser  for  it  to  have  remained  at 
A»Voertli  ready  to  advance  when  required,  which  would  only  have 
been  when  Froeschwiller  was  occupied.  At  the  same  time,  it  must 
be  remembered  that  the  complaint  usually  brought  against  engineers 
is  that  they  never  are  at  the  front  when  required,  and  to  ensure 
their  presence  when  wanted  it  may  sometimes  be  necessary  to  expose 
the  men  in  an  apparently  useless  manner.  Besides,  engineers  are 
soldiers,  and  they  may  frequently  be  of  great  value  as  such. 

About  4  p.m.  Froeschwiller  was  stormed  and  captured.  "  The 
French  maintained  for  some  time  a  short  but  hopeless  street  fight 
in  the  village,"  during  which  the  pioneer  company  of  the  Vth  Corps 
was  of  use  in  forming  gaps  in  walls  and  other  obstacles,  blowing  in 
the  partitions  of  houses,  etc.  Similarly,  the  pioneers  of  the  Xlth 
Corps  found  work  in  opening  paths  through  the  gardens  south  of 
the  village,  by  which  the  reinforcements  could  enter. 
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PAPER  V. 

SEWAGE     PURIFICATION. 

By  Charles  H.  Beloe,  M.  Inst.  C.E. 


Since  the  delivery  of  the  lecture  in  1888  on  the  purification  of 
water  and  sewage  by  the  magnetic  spongy  carbon  process  very  con- 
siderable improvements  have  been  effected  in  the  purification  of 
sewage. 

No  important  change  has  been  made  in  the  materials  used  by  the 

International  Company  for  the  treatment  of  sewage,  but  the  methods 

adopted  in  applying  them,  and  in  the  construction  of  sewage  works 

genenRjy  have  undergone  so  many  and  such  important  alterations 

that  it  has  been  deemed  advisable  to  prepare  this  lecture  in  order 

that  the  officers  of  the  Royal  Engineers  may  become  acquainted  with 

what  is  admitted  to  be  the  most  improved  mode  of  dealing  with  this 

important  question. 

It  is  not  proposed  to  deal  with  the  subject  of  the  purification  of 
water  in  detail,  as,  with  the  exception  of  a  modification  in  the 
distribution  of  the  materials  in  the  filter-bed,  and  the  adoption  of 
polarite  chambers,  which  will  be  described  hereafter,  no  alteration 
has  been  made  in  dealing  with  water  from  that  described  in  the 
previous  lecture  on  this  subject. 

Neither  is  it  intended  in  tliis  lecture  to  recapitulate  in  detail  the 
descriptions  of  the  various  processes  which  have  been  tried  for  the 
purification  of  sewage,  and  have  been  more  or  less  failures,  or  to 
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repeat  the  arguments  used  on  the  previous  occasion  against   broad 
irrigation  or  intermittent  downward  filtration. 

For  information  on  these  points  reference  must  be  made  to  Vol. 
XIV.,  Paper  VIII.,  1888,  of  the  Professional  Papers  of  tlie  Cof^s  of 
Royal  Engineers. 

The  author  can  only  add  that  the  additional  expenence  gained  by 
him  during  the  past  seven  years  has  not  caused  him  to  alter  in  the 
slightest  degree  any  one  of  the  opinions  expressed  by  him  in  the 
former  lecture,  but,  on  the  contrary,  all  the  arguments  used  then 
against  the  treatment  of  sewage  by  land  have  been  strengthened 
and  confirmed  by  the  additional  observations  made  by  him  on  the 
results  obtained  by  sewage  farms.  He  is  firmly  of  opinion  that  the 
most  efficacious  method  of  purifying  sewage,  in  the  great  majority  of 
cases,  that  is  known  at  the  present  time,  is  by  treating  the  sewage 
with  suitable  chemicals  in  properly  designed  tanks,  and  filtering  the 
tank  effluent  in  artificial  filter-beds  containing  some  material  possess- 
ing a  high  oxidizing  power. 

Since  the  previous  lecture  was  delivered  some  new  processes  have 
been  brought  before  the  public,  the  principal  of  these  being  the 
*' Webster  Electrical"  process,  which  attracted  a  great  deal  of 
attention,  no  doubt  partly  owing  to  the  prevailing  opinion  that 
almost  everything  will  be  effected  by  the  use  of  electricity. 

Experimental  works  were  erected  at  Crossness  in  1889  to  deal 
with  the  Metropolitan  sewage,  and  at  Salford  in  1890  to  satisfy  the 
Corporation  of  that  town  that  the  sewage  could  be  dealt  with  in  a 
satisfactory  manner  by  the  electrical  process  before  turning  it  into 
the  Manchester  Ship  Canal. 

The  sewage  is  made  to  flow  through  what  is  called  an  electric 
shoot  or  channel,  divided  into  cells  containing  iron  plates,  to  which 
the  electric  current  is  applied.  By  the  action  of  the  electric  current 
the  sewage  is  decomposed  and  purified. 

Mr.  Dibdin,  the  Chemist  to  the  Metropolitan  Board  of  Works, 
calculated  from  the  experiments  at  Crossness  that  the  process  is 
capable  of  removing  practically  the  whole  of  the  matter  in  suspension, 
and  an  average  of  22  per  cent,  of  the  oxidizable  organic  matters  in 
solution,  at  a  cost  £l  16s.  Od.  per  million  gallons  of  sewage,  exclusive 
of  labour,  interest  on  capital,  wear  and  tear,  etc.,  and  the  cost  of 
disposing  of  the  sludge. 

The  consumption  of  iron  is  also  a  serious  item.  About  3  grains 
per  gallon  are  said  to  be  used,  corresponding  to  37Jcwts.  for 
10,000,000  gallons.     For  a  daily  flow  of  this  amount  the  quantity  of 
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iran  consumed  annually  would  be  684  tons,  which  at  £4  a  ton 
would  represent  £2,736  per  annum,  to  which  must  be  added  the 
coat  of  removing  and  replacing  the  plates,  which  could  not  be  used 
up  to  the  last  pound. 

At  both  the  above-mentioned  places  fairly  satisfactory  effluents 
were  obtained,  but  the  process  was  not  adopted  at  either,  presumably 
on  account  of  its  excessive  cost,  both  of  installation  and  of  the  heavy 
working  expenses. 

The  "Amines"  process  was  introduced  at  Wimbledon,  and  great 
things  were  expected  from  it. 

It  consists  of  adding  a  small  quantity  of  herring  brine  and  a  large 
quantity  of  lime  to  the  crude  sewage  before  it  enters  the  precipitation 
tanks. 

The    "Hermite"    process    has    been    tried    experimentally    at 

Worthing,  and  is  about  to  be  adopted  at  Ipswich.     It  consists  of 

applying   an  electric  current  to  sea  water,   by  which  means   the 

water  undergoes  electrolytic  decomposition,  and  in  the  end  becomes 

sQicharged  with  oxide  of  chlorine,  which  is  well  known  to  be  a 

powerful  disinfectant  and  deodorant.     This  electrolyzed  solution  is 

added  to  the  sewage  in  the  sewers,  and  it  is  claimed  that  it  will 

reach  the  outfall  in  a  perfectly  inoffensive  condition. 

The  works  at  Worthing  were  purely  experimental,  and  the 
machinery  employed  much  too  powerful  for  the  quantity  of  sewage 
treated. 

The  works  at  Ipswich  not  being  completed,  no  reliable  information 
tan  be  obtained  either  as  to  the  cost  of,  or  the  results  obtained  by, 
tiis  process. 

It  can  hardly  be  called  a  sewage  purification  process,  any  more 
than  the  addition  of  a  quantity  of  Condy's  fluid  to  the  sewage  in  the 
«wers  could  be  so  called. 

The  "Scott-Moncrieff"  system  for  the  bacteriological  purification 
of  sewage  consists  essentially  in  passing  the  sewage  upwards  through 
a  filtering  medium  14  inches  in  depth,  and  composed  of  successive 
tyerg  of  flint,  coke,  and  gravel. 
This  system  depends  upon  the  well-recognized  truths  : — 

1.  "That  bacteria  under  favourable  conditions  are  capable  of 
mdefinite  multiplication. 

2.  "That  bacteria  exist  in  sewage  which  are  capable  of  peptonizing 
solid  organic  matter,  or,  in  other  words,  of  preparing  it,  by  a  process 
comparable  to  that  of  digestion,  for  its  final  disintegration. 

3.  "  That  in  nature  the  purification  of  the  refuse  of  the  organic 

f2 
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world  is  effected  by   the  life-history  of  these  or  similar  micro- 
organisms." 

This  process  is  practically  upward  filtration,  without  aeration,  or, 
in  other  words,  putrefaction. 

"  In  order  to  still  further  improve  the  quality  of  the  effluent  by 
longitudinal  filtration,  by  oxidation,  and  by  the  action  of  micro- 
organisms, Mr.  Scott-Moncrieff  devised  what  he  has  termed  nitrifying 
channels.  These  in  their  simplest  form  consist  of  half-channel  pipes 
joined  together  with  cement  and  filled  with  coke."  These  channels 
were  originally  30  feet  in  length,  but  subsequently  they  were 
increased  to  80  feet. 

For  a  household  of  10  to  12  persons,  the  filter-bed  was  10  feet 
long  by  2 J  feet  wide,  or  25  square  feet  in  area,  whilst  the  so-called 
nitrifying  channel  super-added  to  this  was  80  feet  in  length  (the 
diameter  of  these  channels  is  not  given).  For  a  population  of  1,000 
persons,  therefore,  a  filter-bed  upwards  of  2,000  feet  square,  and  a 
nitrifying  channel  between  6,000  and  7,000  feet  in  length,  would 
be  necessar}'. 

These  bacteriological  filters  have  been  tried  at  Towcester  and 
Aylesbury,  and  have  been  discontinued  at  both  places.  Nevertheless, 
it  is  an  established  fact  that  a  perfectly  new  filter-bed,  or  even  an  old 
one  recently  washed,  does  not  produce  as  good  an  effluent  as  that 
obtained  from  an  old  filter,  and  some  authorities  advocate  that  water 
should  not  be  used  until  colonies  of  bacteria  are  formed  in  the  filter. 
There  can  be  no  doubt  of  the  action  of  bacteria  upon  water,  and 
that  it  is  most  undesirable  to  disturb  the  lower  layers  of  filter,  and 
also,  if  possible,  to  allow  time  for  bacteria  to  establish  themselves  in 
the  top  layer  of  sand  after  it  has  been  renewed  or  washed  before 
putting  the  filter  into  use,  but,  unfortunately,  the  exigencies  of  the 
case  seldom  permit  this  theory  to  be  carried  into  eftect. 

Lowcock's  filter  for  the  treatment  of  sewage  is  constructed  on  the 
principle  of  aerating  the  materials  in  the  filter  by  forcing  air  into  the 
body  of  the  filter  through  perforated  pipes,  the  necessary  air  pressure 
being  obtained  by  mechanical  means.  This  principle  is  the  correct 
one,  but  it  is  doubtful  whether  the  small  amount  of  pressure  required 
for  this  purpose  necessitates  the  employment  of  compressed  air. 

The  experiments  of  the  Massachusetts  Board  of  Health,  as  set 
forth  in  their  report  of  1891,  show  that  "any  treatment  which 
keeps  all  particles  of  sewage  distributed  over  the  surface  of  sand 
particles  in  contact  with  an  excess  of  air  for  a  sufficient  time  is  sure 
to  give  a  well  oxidized  effluent,  and  the  power  of  any  material  to 
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porify  sewage  depends  almost  entirely  upon  its  ability  to  hold  the 
sewage  in  contact  with  air.  It  must  hold  both  sewage  and  air  in 
sufficient  amounts." 

b  a  paper  read  before  the  Institution  of  Civil  Engineers  (Vol. 
€XV.,  p.  299),  Mr.  Lowcock  gives  the  following  conclusions,  which 
the  aathor  cordially  endorses : — 

1.  '*  That  filtration  is  not  only  a  mechanical,  but  also  a  chemical 
and  biological  process,  when  it  is  properly  carried  out,  and  when 
Aofficient  aeration  is  provided  for. 

2.  "That  no  practical  chemical  process  yet  devised  will,  alone,  do 
more  than  remove  the  suspended  matter  in  sewage,  and  a  very 
small  portion  of  the  dissolved  impurities. 

3.  "That  dissolved  impurities  can  only  be  removed  by  the  action  of 
micro-organisms,  i.e.,  by  nitrification ;  and  this  can  only  be  effected 
subsequently  to  the  decomposition  of  the  organic  matter  and  the 
ionnation  of  ammonia,  and  in  the  absence  of  undecomposed  organic 
matter. 

4.  "That  organic  matter  cannot  be  destroyed  or  converted  into 
plant  food  until  it  has  been  dissolved. 

5.  "That,  as  nitrification  proceeds  far  more  rapidly  in  a  moistened 
and  srated  porous  soil  than  in  a  liquid,  and  as  the  nitrifying  powers 
<rf  soil  are  capable  of  cultivation,  the  process  should  be  carried  on  by 
means  of  filtration,  so  that  the  organisms  can  be  cultivated  and 
supplied  with  food  in  the  filter. 

6.  "That  the  most  important  factor  in  the  processes  of  decomposi- 
tion and  nitrification,  and  the  subsequent  preservation  of  the  nitrates 
formed,  is  an  ample  supply  of  air, 

7.  "  That  the  suspended  matters  in  sewage  should  not  be  allowed  to 
pass  on  to  the  land  or  filter-beds,  as  they  clog  the  siu'face,  and  have 
to  remain  until  they  are  decomposed  before  they  can  be  destroyed." 

Time  will  not  permit  further  quotations  from  this  paper,  but  it 
is  claimed  that  the  process  about  to  be  described  fulfils  all  the  con- 
chisions  just  quoted. 

In  any  method  of  sewage  purification  the  result  must  depend  to 
a  very  large  extent  upon  the  skill  that  has  been  bestowed  upon  the 
design  of  the  works  and  the  care  exercised  in  their  construction, 
quite  irrespective  of  the  chemicals  used  or  the  process  adopted. 

Purification  Works. 

When  the  sewage  arrives  at  the  works  it  is  of  the  utmost  impor- 
tance that  all  large  substances  floating  in  the  sewage,  such  as  corks. 
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rags,  brushes,  boots,  shoes,  etc.,  as  well  as  grease,  should  be  removed 
by  means  of  scum-boards  and  strainers,  and,  at  the  same  time,  a 
certain  amount  of  road  sweepings,  sand,  gravel,  and  other  heavy 
materials  removed  by  subsidence  in  a  detritus  chamber. 

In  order  to  effect  these  piu*poses  in  the  best  and  most  economical 
manner,  it  is  advisable  to  divide  the  sewer  into  two  channels,  as  shown 
by  Fig,  1,  Plate  I.,  each  channel  having  a  greater  width  than  the 
sewer. 

In  ordinary  work  both  channels  would  be  used  simultaneously, 
and  the  area  of  the  channel  being  increased,  the  velocity  of  the  flow 
of  the  sewage  would  be  diminished. 

The  bottom  of  the  channels  is  sunk  to  a  moderate  depth  below 
the  invert  of  the  sewer  for  a  certain  distance,  and  then  rises  up  again 
to  the  level  of  the  invert. 

At  each  end  of  the  two  channels  penstocks  or  sluices  are  placed 
to  enable  one  channel  to  be  entirely  cut  off  from  the  flow  of  sewage 
when  it  is  necessary  to  cleanse  it,  the  sewage  then  flowing  through 
one  channel  only. 

Across  each  channel  is  placed  a  fixed  diagonal  or  sloping  scum- 
board  projecting  into  the  sewage,  which  arrests  all  floating  matters 
on  the  surface ;  placing  the  scum-board  at  an  angle  of  45**  is  found 
to  be  more  efficacious  than  when  the  scum-'board  is  placed  vertically. 

The  sewage  then  passes  through  two  inclined  iron  screens,  the 
second  being  finer  than  the  first,  which  eff'ectually  arrest  a  consider- 
able proportion  of  the  matters  in  suspension  in  the  sewage. 

It  is  recommended  that  the  first  screen  be  composed  of  iron  bars, 
placed  one-half  of  an  inch  apart,  and  the  second  screen  should  have 
the  bars  one-quarter  of  an  inch  apart  in  the  clear. 

The  bars  should  be  fixed  in  an  inclined  position,  no  cross-bars, 
gratings,  or  perforated  plates  being  used.  The  object  being  to 
enable  the  bars  to  be  readily  cleansed  by  means  of  a  rake,  the  teeth 
of  which  would  be  obstructed  by  cross-bars. 

In  large  works  a  set  of  scrapers  fixed  to  endless  bands  and  tunied 
by  a  handle  are  now  generally  used  for  the  purpose  of  cleansing  the 
screens,  and  are  sometimes  driven  by  machinery,  so  as  to  be  con- 
tinually in  operation. 

The  object  of  placing  these  screens  at  an  angle  of  45"  is  to  enable 
them  to  be  conveniently  raked,  and  the  matter  retained  by  them 
easily  removed. 

Having  passed  the  screens,  the  sewage  then  receives  a  dose  of 
chemicals  in  order  to  effect  deodorization  and  precipitation. 
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Various  materials  are  used  for  this  purpose,  as  mentioned  in  the 
former  lecture,  such  as  lime,  sulphate  of  iron,  black  ash  waste, 
alamina,  etc. 

The  author  recommends  the  use  of  ferozone,  which  has  been  used 
for  this  purpose  in  many  important  sewage  purification  works  both 
at  home  and  abroad,  and  has  been  supplied  to  the  following  Govern- 
ment establishments  : — Parkhurst  Convict  Establishment,  Dover,  St. 
Albans,  Canterbury,  Cahir,  and  at  Balmoral  Castle,  in  addition  to 
about  twenty  towns  and  institutions,  while  a  still  larger  number  of 
places  have  decided  to  adopt  it  when  the  works  are  completed. 

The  following  analyses  show  the  composition  of  two  sorts  of 


The  Cliff,  Higher  Broughton,  Manchester, 

September  2,  1890. 
I)KAR  Sir, 

The  following  is  the  analysis  of  the  sample  of  ferozone  which  was 
giyen  to  me  by  Dr.  Angell : — 


Moisture 


Sulphate  of  iron,  anhydrous            ...  16*28 

Sesqui  sulphate  of  iron,  anhydrous             ...          ...  6*07 

Sulphate  of  alumina,  anhydrous     ...          22*20 

Carbon          ...          ...          ...         ...         ...         ...  4*47 

hisoluble  in  water 15*20 

Water    of     constitution    and    other    matter    not 

estimated 15*78 


20*00 


100*00 


This  fei'ozone  has  been  most  care/idly  p-epared,  and,  i7i  my  opinion,  it 
is  an  admirable  purijier  for  seimge.  It  ads  as  a  precipitant,  and  also  as  a 
^fodmzer,  and  tli£  price  of  50  shillings  a  ton  I  consider  extremely 
fnoderate. 

(Signed)        J.  Carter  Bell,  A.R.S.M.,  etc., 

County  Analyst  for  Cheshire,  Salford,  Birkenheud,  etc. 

The  following  is  an  analysis  of  red  ferozone  intended  for  use  with 
sewage : — 
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Hants  County  Laboratory,  Southampton, 
February  16,  1895. 

To  the  International  Company,  Limited. 

Analysis  of  Bed  Ferozone. 

Crystalline  sulphate  of  alumina  \  ,,     ,  _ .        /  69*0 

Ferrous  sulphate  i  „ *"  «°'«^^\   .   105 

Ferric  sulphate j  85-1  per  cent.   |    g.g 

Ferric  oxide       ...  \  insoluble       (125 

Alumina  and  silica        J  14*9  per  cent.   I    2*4 


100-0 


This  ferozone  is  very  rich  in  soluble  sulphates,  and  especially  so 
in  ferric  sulphate. 

It  forms  a  powerful  precipitant  and  deodorant. 

(Signed)        Arthur  Angel,  Ph.D.,  F.I.C. 

These  analyses  must  not  be  considered  to  represent  invariably  the 
actual  constituents  of  ferozone.  Almost  every  sewage  requires  a 
precipitant  specially  suited  to  it;  for  instance,  a  purely  domestic 
sewage  requires  different  treatment  from  a  sewage  which  contains  a 
large  quantity  of  manufacturing  refuse,  and  although  the  ingredients 
remain  the  same,  their  relative  proportions  are  altered  to  suit  the 
individual  case. 

The  method  of  applying  ferozone  to  the  sewage  is  very  simple. 

Where  a  supply  of  water  or  sewage  at  a  sufficiently  high  level  is 
available,  the  best  plan  is  to  place  the  ferozone  in  one  or  more  dis- 
solving boxes,  which  consist  of  a  box  15  inches  square  and  2  feet 
6  inches  deep,  with  a  perforated  false  bottom  placed  3  inches  above 
the  real  bottom.  Either  sewage  or  water  is  conveyed  by  a  pipe, 
provided  with  a  stop-tap,  to  the  space  below  the  false  bottom,  and 
rises  up  through  the  ferozone.  The  water  in  its  course  up  and 
through  the  ferozone  dissolves  the  precipitant,  and  carries  it  by 
means  of  an  overflow-lip  into  the  sewage  channel.  A  very  small 
quantity  of  wat^r  is  required,  and  must  be  proportioned  to  the 
quantity  of  sewage. 

A  more  reliable  method  of  adding  the  precipitant  to  the  sewage 
is  performed  by  means  of  Keirby's  patent  mixer,  which  should  be 
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used  wherever  mechanical  power  is  available,  whether  derived  from 

the  flow  of  sewage  or  other  sources. 
This  consists  of  a  perforated  cylinder  containing  the  precipitant, 

and  placed  inside  a  watertight  cylinder  with  a  small  space  between 

the  two.  Near  the  bottom  of  the  outer  cylinder  is  fixed  a  pipe 
connected  with  the  water  supply,  and  furnished  with  a  stop-cock ; 
at  another  part  of  the  outer  cylinder,  and  at  about  the  same  level,  is 
an  outlet,  to  which  is  coupled  a  swivel-joint  and  pipe. 

The  inner  cylinder  is  fixed  upon  a  spindle,  and  is  slowly  rotated 
either  by  means  of  a  gas-engine  or  water-wheel,  or  other  available 
means.     By  the  rotation  of  the  inner  cylinder  the  water  is  agitated, 
and  produces  rapid  absorption.     A  float  is  placed  in  the  sewer,  and  is 
connected  with  the  outlet  pipe ;  as  the  flow  of  sewage  increases,  the 
float  will  raise  the  outlet,  and  thus  increase  the  depth  of  water  in  the 
mixer,  and  submerge  a  greater  quantity  of  the  precipitant,  and,  con- 
sequently, a  stronger  solution  will  be  discharged,  and,  vice  versd,  as 
the  flow  of  sewage  decreases  and  the  outlet  pipe  falls,  the  level  of 
Oie  liquid  in  the  cylinder  will  be  lower,  and  less  of  the  precipitant 
will  be  dissolved.     Only  a  very  small  quantity  of  water  is  required 
to  be  constantly  running  through  the  mixer.     The  quantity  does  not 
reqmre  varying  ;  it  is  the  strength  of  the  solution  that  is  varied,  not 
the  volume. 

The  quantity  and  quality  of  ferozone  required  varies  with  the 
Miwe  of  the  sewage  to  be  dealt  with,  but  usually,  for  town  sewage, 
about  5  to  8  grains  are  added  to  each  gallon,  which  is  equivalent  to 
from  6i  to  lOcwts.  per  1,000,000  gallons,  but  in  small  works  dealing 
in'th  a  concentrated  sewage  a  larger  quantity  should  be  used.  The 
«06t  of  ferozone  at  the  company's  works  in  South  Wales  and 
Manchester  is  50s.  per  ton,  to  which  must  be  added  the  carriage  and 
hire  of  sacks. 

The  cost  for  chemicals  will  be,  therefore,  about  30s.  per  1,000,000 
gallons  of  sewage  treated,  or  from  Jd.  to  ^d.  per  1,000  gallons. 

The  sewage,  having  received  the  dose  of  ferozone,  passes  along  the 
laixing  race  as  shown  in  Fig  1,  Plate  I. 

This  race  should  be  long  enough  to  allow  the  ferozone  to  be  well 
incorporated  with  the  sewage  before  it  enters  the  tank,  and  the 
length  will,  therefore,  depend  upon  the  velocity  of  the  current,  but 
*t  least  2  minutes  should  elapse  between  the  time  that  the 
lerozone  is  added  to  the  sewage  and  the  arrival  of  the  treated 
«ewage  at  the  precipitation  tank,  and,  when  possible,  an  interval  of 
10  minutes  is  to  be  preferred. 
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Precipitating  Tanks. 

Foi-merly,  these  tanks  were  invariably  of  rectangular  form  on  plan^ 
with  the  bottom  inclining  to  a  sludge  gutter  in  the  centre,  which 
also  had  a  fall  towards  one  end  of  the  tank  to  facilitate  the  removal 
of  the  sludge  deposited  therein.  These  tanks  were  used  either  on 
the  continuous  flow  system,  or  else  on  the  quiescent  plan. 

In  the  former  case  the  sewage  flowed  continuously  through  a 
series  of  tanks,  and  this  system  was  generally  adopted  where  very 
little  fall  was  available.  In  the  quiescent  system  each  tank  ^was 
filled  separately  and  allowed  to  stand  for  an  hour  or  more,  then  the 
tank  was  emptied  by  means  of  a  floating  arm,  which  draws  the 
sewage  from  the  surface,  the  floating  arm  falling  as  the  tanks 
become  empty. 

In  continuous  flow  tanks  the  sewage  has  generally  to  be  pumped 
out  when  it  is  desired  to  empty  them.  Whichever  of  these  two 
systems  is  adopted,  it  is  necessary  to  send  men  into  the  tanks  to 
sweep  the  sludge  to  the  outlet,  and  when  the  tank  accommodation 
is  very  limited,  as  is  too  frequently  the  case,  one  tank  can  ill  be 
spared  for  this  purpose.  The  temptation,  therefore,  is  very  great  to 
allow  the  sludge  to  accumulate  in  the  tanks  for  days,  weeks,  or  even 
months. 

The  consequences  of  such  neglect  are  disastrous  to  any  method  of 
chemical  purification,  for  although  many  deleterious  substances  may 
have  become  deposited  in  the  tanks,  and  the  sewage  to  a  certain 
extent  clarified,  the  bad  gases  arising  from  the  decomposing  sludge 
at  the  bottom  of  the  tank  passing  into  the  sewage,  and  carrying  with 
them  myriads  of  putrefaction  bacteria,  actually  in  some  cases  have 
rendered  the  sewage  more  objectionable  from  a  chemical  point  of 
view  when  it  leaves  the  tank  than  it  was  when  it  entered  it, 
although  frequently  the  appearance  of  the  effluent  is  good.  It  was 
with  the  view  of  remedying  these  defects  and  afl'ording  a  means  of 
using  continuous  flow  tanks,  from  which  the  sludge  could  easily  and 
frequently  be  removed  without  interfering  with  the  flow  of  sewage, 
that  the  circular  continuous  upward  flow  tank  has  been  invented  by 
Mr.  F.  PuUen  Candy. 

These  circular  tanks  may  be  made  of  any  desired  diameter  or 
depth  (see  Figs.  2  and  3,  Plate  L). 

A  tank  25  feet  diameter,  with  a  depth  of  16  feet,  will  treat  from 
275,000  to  362,000  gallons  of  sewage  per  24  hours. 

One  15  feet  diameter  and  10  feet  deep  will  treat  from  59,000  to 
79,000  gallons  per  24  hours. 
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One  5  feet  diameter  and  9  feet  deep  will  treat  from  5,500  to  7,500 
gallons  per  24  hours. 

An  open  channel  is  formed  round  the  top  of  the  tank,  extending 
for  about  three-fourths  of  its  circumference.  In  this  channel  are 
inserted  three  or  more  vertical  pipes  which  deliver  the  sewage  into 
tiietank  a  short  distance  above  the  bottom,  through  pipes  placed 
at  an  angle  to  the  side. 

The  sewage,  rising  to  the  top,  flows  into  a  series  of  parallel  troughs 
laid  across  the  tank,  and  is  conducted  by  them  into  an  outlet  channel 
extending  round  the  remaining  pait  of  the  circumference  which  is 
not  occupied  by  the  inlet  channel,  and  is  conveyed  by  it  to  the  filters 
to  be  descnbed  hereafter. 

We  now  come  to  the  most  important  part  of  the  system,  viz.,  the 
removal  of  the  sludge.  Attempts  have  been  made  to  remove  sludge 
*rom  cylindrical  tanks  by  building  them  with  inverted  cone  bottoms, 
funushed  with  an  outlet  valve  at  the  apex  of  the  cone. 

Thig  plan  did  not  give  satisfaction,  and  involved  a  very  deep  and 
expensive  form  of  tank.  The  "  Candy  "  tank  has  a  perfectly  flat 
Iwttom,  thus  providing  a  tank  of  the  greatest  capacity  at  the  least 
«8t.  In  the  centre  of  the  bottom  is  pivoted  a  horizontal  perforated 
pipe  which  reaches  to  the  side  of  the  tank,  this  pipe  being  pivoted 
on  another  pipe,  which  is  carried  up  to  within  1  foot  6  inches  or 
'2  feet  6  inches  of  the  full  water  level  of  the  tank,  and  at  that  point 
the  sludge  is  discharged.  The  pivoted  pipe  is  capable  of  being 
revolFed  from  the  outside  of  the  tank  by  means  of  suitable  gearing, 
and  when  the  tank  is  being  cleansed  the  pipe  is  so  revolved.  The 
perforations  in  the  pipe  being  on  the  underside  thereof,  and  only  a 
few  inches  apart,  and  the  pipe  itself  being  but  a  very  little  above  the 
bottom  of  the  tank — just  enough  to  clear  it,  in  fact — it  will  be  seen 
it  once  that  as  the  rotation  of  the  pipe  covers  every  inch  of  the 
bottom,  the  sludge  is  drawn  or  sucked  away  from  the  whole  of  the 
Iwttom  surface.  The  pressure  of  water  in  the  tank  forces  the  sludge 
through  the  connecting  pipe,  and  out  at  a  height  only  18  or 
30  inches  below  the  water  level,  as  before  mentioned,  from  whence 
It  can  be  run  into  a  pit  or  pumped  to  any  desired  spot.  The  sludge 
produced  is  about  twice  as  thick,  and,  therefore,  of  only  about  half 
the  bulk  that  the  sludge  usually  is  which  is  drawn  or  swept  from 
*ny  other  form  of  precipitation  tank ;  and  this  is  a  feature  of  the 
utmost  importance,  inasmuch  as  the  sludge  is  the  foulest  thing  in 
the  whole  sewage  treatment,  and  to  reduce  its  bulk  or  minimize  the 
quantity  of  water  mixed  with  and  polluted  by  it  is  a  point  which 
cannot  he  too  much  valued. 
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Furthermore,  the  removal  of  the  sludge  as  described  does  not 
interfere  with  the  flow  of  the  sewage  through  the  tank,  and,  in  fact, 
when  once  the  "Candy"  tank  is  started  its  working  need  never 
Please ;  by  day  and  by  night  the  foul  sewage,  after  the  addition  of 
the  precipitant,  is  running  into  the  tank  and  as  continuously  running 
out  in  a  comparatively  pure  condition,  the  sludge  being  removed  at 
intervals,  thoroughly  and  perfectly,  keeping  the  tank  clean  and 
fiweet,  and  free  from  all  decomposition.  Moreover,  the  rotation  of 
the  sludge-pipe  can  be  caused  to  cleanse  the  sides  of  the  tank  by 
attaching  a  suitable  arrangement  to  the  pipe.  The  time  taken  to 
remove  the  sludge  is  from  two  to  five  minutes,  varying  with  the 
size  of  the  tank. 

Very  little  power  is  required  to  rotate  the  perforated  sludge-pipe ; 
Si  lad  can  easily  do  it. 

In  the  case  of  strong  sewage,  the  tank  should  be  cleaned  (by 
rotating  the  sludge  pipe)  once  a  day,  but  with  a  weak  sewage  every 
other  day  would  be  sufficient,  although  daily  cleansing  is  always 
advisable.  The  old  proverb  anent  the  value  of  cleanliness  is  very 
applicable  indeed  to  sewage  treatment.  It  stands  to  reason  that  the 
fouler  the  thing  the  greater  the  need  for  constant  and  perfect  cleans- 
ing, and  if  a  sewage  precipitation  tank  is  not  or  cannot  be  thoroughly 
cleansed  once  in  24  or  48  hours,  trouble  will  ensue. 

The  method  by  which  the  sewage  is  let  into  the  tank  is  also  of 
great  importance,  in  order  that  the  effluent  water  may  be  clear  and 
bright. 

The  inventor  discovered  that  if  the  sewage  in  the  tank  has 
imparted  to  it  a  rotary  motion,  the  effluent  produced  is  clearer, 
brighter,  and  freer  from  suspended  matter  than  would  otherwise  be 
the  case. 

The  rotary  motion  is  obtained  by  the  flow  of  the  sewage  into  the 
tank.  The  eff'ect  of  this  rotary  motion  is  most  remarkable  ;  it  has 
the  property  of  aggregating  the  fine  particles  of  suspended  coagulum, 
and  thereby  causing  their  rapid  and  complete  removal  by  precipita- 
tion when  the  sewage  disperses  into  the  tank,  thus  obtaining  the 
greatest  and  most  effective  work  from  the  least  quantity  of  precipitant^ 
and  enabling  the  precipitation  tank  to  purify  the  largest  quantity  of 
sewage  per  day. 

The  "  Candy  "  tank  will  eff'ectually  treat  eight  times  its  capacity 
in  24  hours,  and  requires  only  3  to  6  inches  fall  for  its  working, 
thereby  in  many  cases  saving  pumping. 

By  the  employment  of  a  flat-bottomed  tank  and  the  angular  method 
of  sewage  inlet,  the  abnormal  depths  of  vertical  tanks  that  have  been 
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proposed  can  be  dispensed  with,  such  depths,  indeed,  as  would  convert 
the  tanks  into  nothing  less  than  large  cesspools,  and  would  give  na 
advantage,  while  having  many  drawbacks.  The  total  depth  of  the 
"  Candy  "  tank  need  not  exceed,  accoi-ding  to  the  area  of  the  tank^ 
from  6  to  15  feet. 

For  any  but  the  smallest  tanks  the  side  inlet  is  recommended, 
which  is  more  effective  and  much  more  economical  than  attempting 
to  deliver  the  sewage  from  the  centre.  For  small  tanks  the  centre 
inlet  is  recommended,  as  hereafter  described. 

The  general  arrangement  of  a  tank  is  shown  by  Fig,  2,  and  the 
section  by  Fig.  3,  Plate  I.    • 

These  figures  represent  a  brick  tank,  20  feet  in  diameter  and 
13  feet  deep,  constructed  at  the  Nuneaton  sewage  works.  A,  A,  A 
are  the  sewage  inlet  pipes  which  convey  the  sewage  from  the  inlet 
channel  B  to  points  of  discharge  near  the  bottom  of  the  tank. 

C,  C,  C  are  the  outlet  troughs,  placed  across  the  tank  and 
suspended  from  the  girders  D,  which  carry  the  gearing  for  working 
the  rotating  sludge-pipe  E,  by  means  of  the  spindle  F. 

The  rotating  sludge-pipe  E  works  on  a  joint  connecting  it  to  the 
fixed  sludge-pipe  G,  which  discharges  into  a  sludge  delivery  channel 
H,  and  the  discharge  is  controlled  by  the  valve  K. 

The  sludge  should  be  discharged  into  an  open  channel  to  enable 
the  attendant  to  see  its  density,  as  it  is  not  advisable  to  remove  thin, 
watery  sludge. 

An  iron  tank,  4  feet  6  inches  diameter  and  6  feet  6  inches  deep, 
was  supplied  to  H.M.  Government  for  use  at  the  Cahir  Barracks, 
Ireland. 
I       In  this  case  the  centre  inlet  is  adopted. 

'  An  iron  trough  conveys  the  sewage  to  the  centre  of  the  tank, 
when  it  passes  to  the  bottom  through  a  vertical  pipe,  in  which  is 
placed  the  spindle  for  rotating  the  sludge-pipe.  A  gutter  runs 
round  the  top  of  the  tank,  which  receives  the  overflowing  sewage 
and  conveys  it  away.  All  the  other  details  are  similar  to  those  of 
the  brick  tank  already  described. 

There  are  about  twenty  of  these  circular  tanks  in  actual  operation 
at  Swinton,  Rochdale,  Accrington,  Nuneaton,  Cahir  Barracks  and 
other  places,  and  about  sixty  more  are  either  in  course  of  construction 
or  it  has  been  decided  to  adopt  them. 

Where  rectangular  tanks  are  already  in  existence,  and  it  is  desired 
to  use  them  either  on  the  continuous  flow  or  the  quiescent  system, 
the  principle  of  removing  the  sludge  adopted  in  the  circular  tanks 


Digitized  by  VjOOQ IC 


78 

already  described  can  be  applied  in  the  following  manner : — A  wall 
is  built  across  the  tank  close  to  the  inlet  end,  and  extending  above  the 
level  of  the  water ;  wide  openings  are  made  in  this  wall  close  to  the 
bottom  of  the  tank  ;  small  openings  are  to  ]»e  avoided,  as  they  increase 
the  velocity  of  the  sewage  passing  through  them.  An  overflow  wall 
is  made  at  the  outlet  end  of  the  tank,  which  should  extend  for  the 
full  width.  By  this  means  an  approach  is  made  to  the  upward  flow 
of  the  cylindrical  tank  ;  the  sewage,  passing  through  the  openings  in 
the  cross  wall,  rises  in  a  diagonal  direction  towai-ds  the  overflow  cilL 

If  the  bottom  of  the  tank  falls  towards  a  sludge-gutter,  the  gutter 
must  be  filled  up,  and  the  bottom  made'level  transversely ;  the  fall 
towards  the  sludge  outlet  may  remain  unaltered,  although  a  perfectly 
level  bottom  is  preferable. 

A  sludge-gutter  is  formed  on  one  side  of  the  tank,  and  the  bottom 
of  this  gutter  is  about  18  inches  below  the  water-line  in  the  tank 
(see  Plate  III.). 

Light  rolled-iron  joists  framed  together  are  placed  across  the 
tank,  and  furnished  with  carriages  at  each  end,  which  run  upon  rails 
placed  on  the  coping  of  the  tank.  The  girders  are  caused  to  traverse 
the  length  of  the  tank  by  suitable  gearing. 

From  the  girders  is  suspended  the  travelling  perforated  sludge- 
pipe  by  means  of  chains,  so  that  the  pipe  is  just  clear  of  the  floor  of 
the  tank.  From  this  perforated  pipe  rises  a  closed  pipe  furnished 
with  a  stop-cock  and  a  charging-pipe.  The  pipe  is  turned  over  the 
wall  of  the  tank  into  the  sludge-gutter,  where  it  terminates  in  a 
water  seal. 

In  order  to  remove  the  sludge,  it  is  only  necessary  to  charge  the 
syphon  through  the  cock,  open  the  stop-cock,  and  the  sludge  will 
immediately  discharge  into  the  sludge-gutter. 

By  turning  the  winch-handles,  the  perforated  pipe  travels  over 
the  whole  length  of  the  tank,  and  all  the  sludge  lying  on  the  bottom 
is  removed  in  a  few  minutes.  Twenty -three  sets  of  this  form  of 
sludge-removal  apparatus  have  been  supplied  to  places  where  the 
works  were  too  far  advanced  to  permit  the  adoption  of  circular 
tanks. 

Quiescent  tanks  are  not  to  be  recommended,  because  it  has  been 
found  by  experience  that  properly-designed  continuous  flow  tanks 
are  more  economical  and  produce  better  results ;  this  is  accounted 
for  by  the  fact  that  in  falling  into  a  tank,  as  is  the  case  in  filling  an 
empty  tank,  the  coagulum  is  broken  up  into  very  small  pieces,  and 
Xhe  inflow  into  the  tank  causes  a  swell,  and  consequently  the  sewage 
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is  never  really  at  rest,  but  always  in  motion.  Quiescent  tanks  also 
want  watching  while  filling,  settling,  and  emptying,  while  a  con- 
tinuons  flow  tank  does  not  require  such  constant  supervision. 

The  tank  being  always  full,  the  coagulum  does  not  get  broken  up 
in  passing  into  the  tank,  but  can,  on  the  contrary,  be  made  to  enlarge 
or  aggregate. 

The  principal  advantage  of  the  quiescent  tank  has  ceased  to  exist 
now  that  the  sludge  can  be  removed  by  the  perforated  sludge-pipe 
without  emptying  the  tank. 

However,  there  may  occur  certain  conditions  which  render  it 
advisable  to  adopt  the  quiescent  tank  system. 

In  this  case  it  is  advisable  to  form  the  floor  of  the  tank  with  a 
fall  from  the  inlet  to  the  outlet  end,  with  small  longitudinal  ridges 
or  grooves  therein.  The  sewage  is  drawn  off  in  the  usual  manner 
by  means  of  a  floating  arm.  At  the  outlet  end  of  the  tank  a  large 
gutter  is  formed  in  the  bottom,  extending  the  whole  width  of  the 
tank  In  this  gutter  is  placed  a  fixed  perforated  sludge-pipe,  which 
is  constructed  on  precisely  the  same  principles  as  the  travelling 
^ge-pipe  already  described.  The  first  inrush  of  water  into  the 
tank  washes  the  sludge  into  the  gutter  at  the  outlet  end,  where  it  is 
removed  by  the  sludge-pipe  as  soon  as  the  tank  is  full. 

j  Sludge-Wells. 

'  The  sludge  from  the  tanks,  no  matter  of  what  form,  should 
flow  by  gravitation  into  two  sludge-wells.  The  object  of  providing 
two  sludge  wells  is  to  enable  the  sludge  to  settle  in  one  while  the 
other  is  receiving  sludge.  Each  well  is  provided  with  means  for 
<bawing  off  the  supernatant  water  into  the  washing-water  chamber, 
which  receives  the  washing  water  from  the  filters  and  clarifiers; 
these  two  waters,  which  are  dirty,  must  be  pumped  back  to  the 
sewer  to  receive  a  fresh  dose  of  ferozone,  and  be  treated  again. 

The  concentrated  sludge  gravitates  from  the  wells  into  the  rams, 
whence  it  is  forced  by  compressed  air  into  one  of  the  sludge-presses, 
where  it  is  pressed  into  cakes ;  this  cake  drops  into  a  trolley  at  a 
sufficiently  high  level  to  be  run  on  to  low-lying  land  for  filling  up 
purposes,  or  a  cart  can  be  backed  directly  under  the  presses  and  the 
aludge-cake  carried  away  without  a  second  handling. 

Clarifiers. 

After  leaving  the  precipitation  tanks  the  sewage  is  conveyed  to 
the  clarifiers  {Fig.  1,  Plate  I.). 
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These  clarifiers  are  concentrated  sand-filters,  whereby  any  floe- 
culent  matters  that  may  have  escaped  precipitation  in  the  tanb 
are  arrested,  and  thereby  prevented  from  sealing  up  the  pores  of 
the  filter-beds  ;  by  this  means  not  only  can  larger  volumes  of  sewage 
be  passed  through  the  filters,  but  great  economy  of  labour  in  cleaning 
them  is  efi'ected. 

By  using  clarifiers,  the  area  of  the  filters  can  be  reduced,  and  a 
saving  is  also  effected  in  the  quantity  of  chemicals  required  for 
precipitation. 

These  clarifiers  are  practically  closed  filters,  and  by  turning  two 
valves  the  flow  of  sewage  through  them  can  be  reversed,  and  the 
retained  accumulated  suspended  matters  washed  out  in  three  or  five 
minutes  and  the  clarifier  is  clean  again. 

The  water  used  in  washing  the  clarifiers  must  be  conveyed  to  the 
water  chambers  at  the  side  of  the  sludge-pits  already  described. 

The  clarifiers  are  placed  in  the  chamber,  as  shown  on  the  plan,  so 
that  there  is  a  head  of  4  feet  available  for  washing  them,  and  this 
head  is  so  utilized  as  to  save  several  men's  labour  daily. 

The  case  or  shell  of  the  clarifier  is  iron,  and  may  be  either 
circular  or  rectangular,  and  may  have  either  a  watertight  cover  or 
may  be  open,  with  the  sides  carried  up  sufliciently  high,  about  7  feet, 
to  give  the  requisite  head  for  cleaning  the  clarifying  material.  The 
clarifiers  contain  sand  and  gravel  of  various  sizes,  resting  upon  a 
perforated  false  l>ottom.  When  in  use  the  sewage  is  admitted  at 
the  top  and  passes  through  the  clarifying  material  and  out  through 
the  false  bottom. 

When  it  is  desired  to  cleanse  the  clarifier  the  flow  is  reversed, 
clarified  water  from  other  clarifiers  or  from  a  storage  tank  is  sent 
upwards  through  the  clarifier,  and  the  whole  of  the  material  is 
caused  to  boil  up  and  become  violently  agitated  and  loosened ; 
through  the  whole  mass  hundreds  of  jets  of  water  pass  and  carry 
away  the  accumulated  dirt  through  the  wash-out,  leaving  the  clean 
washed  sand  behind  ready  for  work  again. 

By  the  use  of  clarifiers  a  saving  is  effected  in  the  quantity  of 
ferozone  required,  because  it  is  practicable  to  turn  a  less  clear 
effluent  (that  is,  one  produced  with  less  ferozone)  into  the  clarifiers 
than  it  would  be  prudent  to  send  on  to  the  filter-beds. 

After  leaving  the  clarifiers,  the  clarified  effluent  flows  into  a 
channel  whence  it  can  be  delivered  on  to  any  of  the  polarite 
filters. 
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PoLARiTE  Filters. 

These  polarite  filters  are  the  most  important  feature  of  the 
itemational  Company's  process.  The  filters  are  formed  in  the 
lowing  manner  (see  Plate  II.)  : — The  depth  of  filter  must  depend 
pnn  the  amount  of  fall  available  and  the  rate  at  which  it  is  desired 

filter  the  sewage  per  square  yard  of  filter  area. 

The  most  economical  form  of  filter  has  two  layers  of  polarite, 
m1  the  sewage  may  be  passed  through  this  filter  at  double  the 
wed  that  can  be  used  when  there  is  only  one  layer  of  polarite  in 
filter.      The  area  of  filter  need,  therefore,  be  only  one-half  of 

Iiat  with  a  single  layer,  and  the  cost  of  the  filter  tank  considerably 
wiaced. 

I  At  the  bottom  of  the  filter  are  placed  3-inch  agricultural  drain- 
tpes  about   4  feet   apart,  and  surrounded  with  large  stones  or 
pulders.     The  drain-pipes  communicate  with  square  drains  formed 
i  the  side  walls,  which  convey  the  effluent  away.     Above  the  stones 
\ayer  of  gravel  of  about  the  size  of  walnuts  and  2  inches  thick  is 
aced,  then   1   inch  of   smaller  gravel.     An  inch   of  fine  gravel, 
ttkh  forms  a  cushion  to  carry  a  6-inch  layer  of  polarite,  mixed 
ith  sufficient  sand  to  make  a  depth  of  9  inches,  is  laid  thereon, 
bove  this,  perforated  drain-pipes,  4  inches  in  diameter,  are  placed, 
liTounded  with  coarse  gravel,  then  1  inch  of  fine  gravel  supports 
Hother  6-inch  layer  of  polarite,  mixed  with  sufficient  sand  to  make 
►depth  of  9  inches.     The  filter  is  finished  with  a  layer  of  fine  sand 
inches  deep  at  the  side  and  7  inches  at  the  centre,  making  a  total 
^  of  3  feet  at  the  side  and  3  feet  2  inches  at  the  centre. 
The  perforated  drain-pipes  are  carried  into  the  side  walls  of  the 
kere,  where  they  are  connected  with  vertical  iron  pipes,  carried  up 
short  distance  above    the    coping,  to  prevent  any  dirt  or  other 
atter  falling  down  the  pipes.      These  pipes  afford  the  means  of 
loroughly  aerating  the  polarite.     It  must  not  be  forgotten  that 
^  rate  of  filtration  is  governed  by  the  speed  at  which  the  sewage 
pass  through  the  top  lajxr  of  sand,  and  this  depends  upon  the 
ttd  of  water  on  the  filter.     This  head  is  usually  very  small,  the 
being  only  just  covered.      As  the  outlet  from   the  filter   is 
ly  open,  the  sewage  passes  much  more  quickly  through  the 
r  layers  of    the  filter  than  it   does  through   the    fine  sand, 
[uently  the  body  of  the  filter  is  not  saturated  with  water,  as 
usually  the   case  in   submerged  filters.      Thus  the   polarite  is 
naally  receiving  a  supply  of  oxygen  from  the  perforated  drain- 
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pipes,  which  form  alternately  an  outlet  and  an  inlet  for  air,   th« 
pipes  being  provided  with  suitable  cowls  for  this  purpose. 

The  sewage  is  admitted  to  the  filter  through  an  open  channel 
kept  as  high  as  possible  above  the  level  of  the  sand  in  the  filters. 
Each  filter  is  provided  with  two  inlets  governed  by  small  iron 
paddles.  | 

A  series  of  steps  are  formed  in  the  wall  of  the  filter  which  leads  { 
the  sewage  through  the  channel  into  an  iron  trough  resting  on  the 
side  walls  of  the  filter,  from  which  it  overflows  on  to  the  sand  and  ] 
passes  down  through  the  filter  to  the  drain-pipes  laid  at  the  bottom,  , 
and  then  into  outlet  channels  formed  at  the  side  of  the  filter,  which  J 
communicate  with  a  covered  channel  formed  at  one  end  of  the  i 
filter  and  connecting  three  filters  together.  From  this  covered  } 
channel  at  any  convenient  place  an  outlet  pipe  for  the  filtered 
effluent  is  fixed  and  provided  with  a  sluice- valve. 

The  action  of  the  filters  is  as  follows : — The  sand  arrests    any 
matters  in  suspension  which  have  not  been  deposited  in  the  precipi- 
tation tanks  or  arrested  by  means  of  the  clarifiers.     The  matters  in  - 
solution  are  removed  from  the  sewage  by  being  in  contact  with  the  \ 
polarite. 

The  action  of  polarite  was  fully  explained  in  the  previous  lecture, 
but  it  may  be  desirable  to  repeat  it  now. 

Polarite  is  the  trade  name  of  the  material  successfully  used  for  ^ 
filtering  and  further  purifying  the  ferozoned  sewage-water  from  the  | 
putrescible  matter  dissolved  therein.  It  is  a  black,  hard,  porous, 
magnetic  and  rustless  substance,  insoluble  in  water  and  practically 
everlasting.  It  is  a  powerful  deodorizer  and  decolorizer  by  virtue 
of  the  polarized  oxygen  occluded  in  its  microscopic  pores,  and 
constantly  supplied  by  the  surrounding  air  and  water.  It  purifies 
]K)lluted  waters  by  oxidizing  the  already  partially  broken  down 
noxious  organic  matters  dissolved  therein,  and  converting  them  into 
innocuous  inorganic  and  saline  matters.  Its  efiective  action  in  this 
direction  is  probably  due  to  a  peculiar  power,  which  Berzelius  called 
"catalytic  force."  He  regarded  this  power  as  an  indication  of 
electric  force  different  from  the  ordinary  action  of  electricity. 
Mitscherlitz  calls  substances  which  act  like  polarite  "contact  sub- 
stances," and  the  mode  of  action  "  chemical  action  or  combination 
by  contact."  The  terms  "catalysis"  and  "contact  action"  are 
applied  to  chemical  actions  in  which  the  combination  of  two  bodies 
or  the  decomposition  of  a  compound  is  brought  about  by  the 
intervention  of  a  substance  like  polarite,  which  shows  no  tendency 
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to  unite  with  either  of  the  bodies  concerned,  and  remains  unafTected 
hy  the  changes  which  take  place.  In  this  manner  the  catalytic 
power  of  polarite  oxidizes  the  dangerous  organic  impurities  dissolved 
in  sewage-water,  and  thereby  makes  them  innocuous. 

Foul  liquids  in  their  passage  through  polarite  are  divided  into  a 
doad-like  spray,  and  thus  each  particle  is  subjected  to  chemical 
action. 

The  following  is  an  analysis  of  polarite  made  by  Sir  Henry 
Roficoe,  F.R.S.,  LL.D.,  etc.,  etc.,  who  reported  that  the  "porous 
nature  of  the  oxide,  its  complete  insolubility,  and  its  freedom  from 
rosting,  constitute  its  claim  to  be  considered  a  valuable  filtering 
material,"  and  he  gives  its  percentage  composition  as  follows  : — 


Magnetic  oxide  of  iron 
Alumina 

Magnesia      

Water,  with  a  trace  of  carbon 

Silica 

Lime 


53-85 
5-68 
7-55 
5-41 

25-50 
201 

100-00 


It  contains,  therefore,  no  poisonous  metal,  is  very  hard,  porous, 
^d  absorptive.  It  extracts  iron  and  lead  from  water,  and  destroys 
organic  matter  in  solution.  It  is  a  powerful  decolorizer  and  deodorizer 
by  virtue  of  the  polarized  oxygen  contained  within  its  microscopic 
pores.  It  is  extremely  durable  and  magnetic  to  a  remarkable 
d^ree,  and  notwithstanding  that  iron  is  the  chief  element  in  its 
constitution,  it  will  not  rust. 

Polarite  filters  provided  with  two  layers  of  polarite  purify  tank 
effluents  which  have  been  treated  with  ferozone  at  the  rate  of  2,000 
gallons  per  square  yard  in  24  hours. 

Rlters  with  only  one  layer  of  polarite  will  only  filter  half  of  the 
above  quantity. 

Polarite  filter-beds  require  a  few  hours'  rest  occasionally  for 
oration,  and  for  cleansing  the  surface  sand  by  a  method  which  will 
^  shortly  described.  Polarite  never  requires  to  be  removed  or 
replaced.  It  is  better  to  lay  down  several  small  beds  rather  than 
one  or  two  large  ones,  so  that  a  smaller  proportion  of  the  whole 
filtering  area  is  thrown  out  of  work  when  the  filter  is  being  cleaned. 
The  cost  of  polarite  is  £6  per  ton  at  the  works  in  South  Wales,  to 
^hich  must  be  added  the  cost  of  carriage. 

o  2 
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A  cubic  yard  of  polarite  weighs  about  19cwts.,  and  a  ton  wiH 
therefore,  cover  rather  more  than  6  square  yards  of  filter-bed 
6  inches  thick. 

Where  the  filtered  effluent  is  taken  out  of  the  filter-bed,  it  ii 
convenient  to  be  able  to  draw  the  effluent  off  at  two  levels,  namely, 
from  the  bottom  of  the  filter  and  also  from  a  higher  level.  Thia 
can  be  effected  by  means  of  a  stand-pipe  carried  up  from  the  outlet 
pipe  from  the  filter.  Off  this  stand-pipe  a  branch  is  taken  out  at  a 
higher  level.  If  the  lower  valve  is  open,  of  course,  the  efiiuent 
passes  out  from  the  bottom  of  the  filter,  but  if  the  lower  valve  is 
shut  the  water  will  rise  in  the  stand-pipe  until  it  overflows  into  th© 
high  level  outlet.  The  object  of  this  arrangement  is  to  make  it- 
possible  to  work  the  filters  occasionally  submerged,  this  being  found 
beneficial  for  the  filters  at  times.  Another  valve  is  placed  on  each 
of  these  branch  pipes  just  beyond  the  junction  of  the  branch  with  the 
stand-pipe,  this  being  used  when  the  filters  are  being  washed  by  the 
upward  washing  process.  This  process  constitutes  a  very  important 
feature  in  these  filters.  Unless  it  is  used  frequently  the  top  surface 
of  the  sand  becomes  covered  with  a  thin  film  of  flocculent  matter 
which  is  nearly  impervious  to  water,  consequently  a  sufficient  flow^ 
cannot  be  secured  through  the  filter-bed.  To  overcome  this  diflBcuIty 
the  attendant  is  apt  to  use  a  high  head  of  water,  thus  forcing  the 
objectionable  matter  further  into  the  sand.  The  sand  in  an  ordinary 
filter  has,  therefore,  to  be  removed  and  washed  either  by  hand  or 
machinery,  fresh  sand  being  substituted  for  it,  all  of  which  involves 
a  great  expenditure  of  time  and  labour. 

The  object  of  the  company's  patented  arrangement  is  to  overcome 
these  two  difficulties.  This  is  effected  in  the  following  manner  :— 
The  flow  through  the  filter  is  reversed,  the  filtered  effluent  from 
two  or  more  filters  passes  upward  through  the  filter  to  be  cleansed, 
and  by  the  provision  of  suitably  arranged  troughs,  the  flocculent  and 
foul  matter  is  rapidly  washed  off  and  out  of  the  sand  and  conveyed 
to  waste,  and  the  filter  is  aerated  and  ready  for  use  in  a  few 
hours.  When  it  is  necessary  to  wash  the  upper  layer  of  sand  more 
thoroughly,  instead  of  removing  it  from  the  filter,  the  sand  i» 
washed  in  the  filter  itself,  and  thus  a  large  expenditure  is  avoided. 

To  keep  a  filter  in  proper  working  order,  the  upward  washing 
process  should  be  performed  daily  in  the  following  manner  : — It  is 
usual  to  connect  two  or  three  filters  together  into  one  group  by  means 
of  the  covered  channel  already  described.  When  it  is  desired  to 
wash  any  one  filter,  the  outlet  valve  from  the  group  is  closed,  the 
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paddles  on  the  inlets  to  the  filter  to  be  washed  are  also  closed,  while 

the  two  or  three  adjoining  filters  are  kept  at  work.     The  sewage 

<onseqaently  passes  down  through  those  filters  which  are  at  work 

into  the  covered  channel,  and  rises  up  through  the  drain-pipes  at 

1^  bottom  of  the  filter  to  be  washed.     At  the  same  time  men  walk 

iJong  the  channels  at  the  side  of  the  filter,  and  by  means  of  brushes 

or  rakes  convey  the  scum  which  is  loosened  by  the  washing  into  the 

&de  channels.     At  the  same  time  some  sewage  is  admitted  to  one 

ode  of  the  filter,  and  passes  over  the  surface  of  the  sand  and  over 

the  ridge  down  the  centre  of  the  filter,  and  washes  the  scum  towards 

the  opposite  side  channel.     At  the  outlet  end  of  these  channels 

small  catch-pits  are  formed  to  retain  any  of  the  fine  sand  which  is 

crashed  into  the  troughs.     This  upward  washing  water  is  conveyed 

to  a  channel,  and  either  taken  on  to  land  or  conveyed  into  the 

<!hamber  adjoining  the    sludge-pits  and  mixed  with    the  sewage. 

Occasionally  it  is  necessary  to  remove  an  inch  or  two  of  the  surface 

of  the  sand  and  wash  it.     This  can  be  most  economically  done  by 

Bang  a  sand-washing  box,  which  is  about  7  feet  long,  2  feet  wide, 

and  8J  inches  deep  inside.     Near  one  end  of  the  box  two  divisions 

««  placed  across  it,  having  apertures  near  the  top.     One  end  of  the 

box  is  provided  with  an  overflow  lip,  and  a  trough  is  used  to  convey 

«ewage  from  the  cascade  into  the  filter  into  this  sand-washing  box, 

▼Mcb  is  placed  partly  on  the  side  trough  and  partly  on  the  sand. 

The  surface  of  the  top  layer  of  sand  is  then  scraped  off  and  brought 

to  the  comer  of  the  filter  where  the  washing  box  is  placed.     Sewage 

is  Aen  admitted,  and  sand  is  thrown  into  the  trough,  conveying  the 

«wage  into  the  box,  and  stin-ed  up  with  the  sewage.     The  sand  is 

an^ted  by  the  two  divisions  in  the  box,  and  is  readily  washed,  the 

sewage  used  for  this  purpose  flowing  away  through  the  side  troughs 

in  the  manner  already  described.     The  sand  is  then  lifted  out  of  the 

box  and  replaced  on  the  filter  bed,  and  the  box  removed,  the  filter 

then  being  ready  for  further  operations. 

Effluent. 

The  process  is  now  completed,  and  the  purified  sewage  issues 
from  the  filter  in  a  limpid  stream  fit  to  be  turned  in  large  quantities 
into  any  stream,  however  small  in  volume.  Unlike  the  effluents 
from  the  now  abandoned  lime  process,  the  International  effluent  is 
not  liable  to  secondary  decomposition.  Many  efiluents  have  been 
obtained  by  the  lime  process  which  were  bright  and  clear  when  they 
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left  the  purification  works,  and  became  foul  and  decomposed  a  little 
way  down  the  stream. 
The  following  are  analyses  of  effluents  obtained  by  this  process : — 


Analysis  of  Three  Liquids  from  (lie  Huddersjidd  Corporation  Sewage 
Works  at  DeighUm  received  from  B,  S,  Dtigdale,  Esq.,  the 
Borough  Engineer^  March  9th,  1894. 

The  percentage  of  purification  calculated  on  the 

oxygen  absorbed  (Tidy's  method)     =   96*7  per  cent. 

The  alburaenoid  ammonia  (Wanklyn's  method) ...    =   98*7         „ 


Result  of  analysis  in  grains  per  gallon : — 

Crude 

Precipitation 
only. 

Polarite 
Effluent. 

Solid  matter  in  suspension 

156  45 

•7 

None. 

Dry,  212°  F.,  consisting  of  organic  matter 
volatile  on  burning 

7504 

•21 

None. 

Mineral  matter           

81-41 

•49 

None. 

Solid  matter  in  solution  dried  at  212"*  F., 

consisting  of  or^;anic  matter  and  matter 
volatile  on  burnmg 

8-4 

14^ 

7  2 

Mineral  matter           

43-0 

33-6 

32-4 

Total  solid  matter      

207-85 

48-3 

39  6 

Chlorine  in  chlorides 

8-89 

7-0 

5-72 

Reaction           

Neutral 

Acid 

Acid. 

Oxygen  absorbed  in  15  minutes      

8-442 

•84 

•0665 

Oxygen  absorbed  in  3  hours 

18-48 

2-24 

•595 

Distillation  gave  ammonia 

1-085 

•462 

•3157 

Albumenoid  ammonia           

105 

•0805 

•0134 

(Signed)     Geo.  Jarman,  F.I.G.,  Borough  Analyst 
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Hendon  Effluent. 

Hendon  daily  collection  effluent  for  month  ending  January  7thy 
1895  :— 


Grains  per  gallon. 

Free  ammonia         

...       -0784 

Albumenoid  ammonia 

...       -1148 

Chlorine      

...     5-18 

Oxygen  absorbed  in  4  hours 

...     2-18 

Physical  properties ... 

...     Good. 

remarkable  growth  of  protococcus. 

(Signed)        Arthur  Angell. 

The  following  report  on  the  treatment  of  the  sewage  of  Acton^ 
Middlesex,  by  the  International  process,  which  has  been  in  opera- 
tion at  that  place  for  over  seven  years,  was  made  by  Professor  E. 
Fituikland,  Ph.D.,  D.C.L.,  LL.D.,  M.D.,  F.R.S.,  to  Major  Tulloch, 
RE.  (the  chief  engineering  adviser  to  the  Local  Government  Board), 
at  the  request  of  that  gentleman,  and  Professor  Frankland's  investi- 
gations were  conducted   entirely   without  the   knowledge   of  the 
company : — 

"These  results  show  that  the  raw  sewage  contained  a  very  large 
proportion  of  highly  polluting  suspended  matter,  and  an  unusually 
large  amount  of.  foul  organic  matter  in  solution;  and  further,  that 
the  effluents  from  the  subsidence  tank  and  filter  were  derived  from 
sewage  of  about  equal  polluting  power,  as  regards  dissolved  organic 
matter. 

"  In  the  subsidence  tank,  the  suspended  matter  was  reduced  from 
24080  parts  per  100,000  of  raw  sewage  to  5*92  parts  per  100,000 
of  tank  effluent,  whilst  the  effluent  from  the  filter  was  free  from 
suspended  matter.  It  was  clear  and  transparent.  This  is  a 
satisfactory  result. 

"The  effect  upon  the  dissolved  organic  matter  in  the  subsidence 
tank  is  very  remarkable,  its  amount  being  reduced  to  little  more 
than  one-tenth  of  that  present  in  the  original  sewage. 

"In  its  subsequent  passage  through  the  filter,  the  dissolved 
organic  matter  is  still  further  reduced  to  nearly  one-sixteenth  of 
tuat  present  in  the  original  sewage.  It  is  now  in  a  state  of 
purity  greatly  exceeding  that  prescribed  by  the  standards  of  the 
^wers  Pollution  Commissioners. 
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"  No  chemical  process  of  purifying  sewage  has  ever,  in  my 
experience,  approached  this  in  efficiency ;  and  if  the  results  obtained 
at  Acton  can  be  accomplished  in  other  places,  a  most  imi>ortant 
advance  will  be  made  in  the  purification  of  the  sewage  of  towns. 

"  I  need  scarcely  add  that  the  effluent  from  the  filter  is  not  only 
clear,  but  inodorus  and  inoffensive.  It  is,  of  course,  not  fit  for 
dietetic  purposes;  but  it  may  be  admitted  in  large  volumes  into 
running  water  without  creating  any  nuisance." 

At  an  exhibition  held  last  year  at  Boulogne-sur-Mer,  the  Interna- 
tional process  was  exhibited,  received  the  Diploma  of  Honour,  and 
was  reported  upon  by  Mr.  L.  Vauflart,  the  Chief  Chemist  of  the 
Departmental  Laboratory  at  Boulogne,  who  stated 

"  That  the  system  removes  from  84  to  88  per  cent,  of  the  organic 
matter  present  in  the  raw  sewage." 

A  bacteriological  examination  made  by  Dr.  Billet  showed  that 
when  the  original  sewage  contained  5,250,000  bacteria  per  cubic 
centimetre,  the  liquid  decanted  after  treatment  with  ferozone  con- 
tained 812,500  bacteria,  and  the  effluent  from  the  filter  42,000 
bacteria  per  cubic  centimetre,  or  less  than  1  per  cent,  of  those 
originally  present. 

The  highest  award  of  the  Sanitary  Institute  of  Great  Britain  has 
been  made  to  this  process,  which  also  received  the  Gold  Medal  of 
the  Paris  Universal  Exhibition,  1889,  and  the  highest  award  at  the 
World's  Fair,  Chicago,  1893. 

It  seems  strange  that  after  years  of  experience  of  this  process, 
and  the  uniformly  satisfactory  results  obtained,  the  Local  Govern- 
ment Board,  when  application  is  made  to  them  by  a  local  authority 
for  a  loan  to  carry  out  sewage  purification  works  on  the  Interna- 
tional principle,  should  still  enforce  an  old  regulation,  made  before 
the  International  process  was  heard  of,  compelling  the  local  authori- 
ties to  purchase  a  considerable  quantity  of  land  upon  which  the 
treated  effluent  can  be  used  for  irrigation.  It  is  true  that  when  the 
International  process  is  employed  the  Local  Government  Board  will 
sanction  the  use  of  one  acre  of  land  for  2,000  population,  and  where 
that  process  is  not  adopted  one  acre  must  be  provided  for  every 
1,000  people.  It  seems  absurd  to  insist  upon  this  useless  expendi- 
ture of  money  not  only  upon  the  actual  purchase  of  land,  which  is  I 
frequently  difficult  and  costly  to  obtain,  but  the  use  of  which 
involves  a  greatly  increased  expenditure  upon  works,  which  may 
involve  pumping  the  sewage  in  order  to  put  it  upon  land,  when 
it  could  pass  from  the  works  into  the  stream  without  pumping. 
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£\'idence  has  been  given    before   Committees   of    both  Housea 

Parliament,  and   before  Inspectors   of  the  Local  Government 

Board,  by  engineers  and  chemists  of  great  eminence,  that  no  object 

|*can  \)e  attained  by  putting  the  effluent  from  polarite  filters  on  to 

^hnd     It  is  to  be  hoped  that  this  antiquated  and   unnecessary 

r^;Tilation  will  soon  be  revoked. 

In  the  early  days  of  sewage  utilization,  as  it  was  then  calledf  it 
was  confidently  anticipated  that  large  profits  would  ensue  from  the 
application  of  sewage  to  the  land. 

Several  companies  were  formed  for  this  purpose  ;  large  sums  of 
monej  were  subscribed,  but  in  not  one  single  instance  have  the 
sanguine  anticipations  of  the  promoters  been  realized. 

In  these  days  we  must  be  content  if  we  can  effect  the  purification 
of  sewage  in  the  least  expensive  manner,  and  not  attempt  its 
utilization  in  a  commercial  sense. 

Nevertheless,  one  of  the  questions  most  frequently  asked  re!?peetr 
ing  the  International  process  is,  what  is  the  value  of  the  reFidue  ? 

This  must  vary  not  only  with  the  nature  of  the  sewage  treated, 
but  also  with  the  demand  for  manure  in  the  immediate  vicinity  of 
the  works. 

It  has  not  been  part  of  the  scope  of  this  lecture  to  deal  ^vith  the 
various  methods  of  treating  the  sludge. 

Sludge. 

Sludge  is  the  necessary  result  of  any  chemical  treatment,  and  a 
great  difference  between  that  produced  by  the  International  process 
and  that  of  most  other  processes  is  that  International  sludge  19  com- 
pletely deodorized,  while  lime  sludge,  for  example,  emit*?  a  most 
offensive  odour. 

The  quantity  of  sludge  produced  by  the  International  is  only 
one-half  of  that  produced  by  lime,  which  is  a  decided  advantiige, 
owing  to  the  reduced  bulk  of  sludge  that  has  to  be  dealt  with, 

Shidge  can  either  be  run  into  lagoons  and  allowed  to  coiisolulatei 
and  then  removed  to  the  land;  it  can  be  nm  in  a  wet  condition  into 
hollows  in  the  land  ;  or  it  can  be  treated  by  presses  and  converted 
into  cake,  and  sold  or  given  away  for  agricultural  purposes.  In 
some  places,  farmers  will  pay  a  small  price  for  it ;  in  others,  they 
will  take  it  away  if  it  is  given  them,  and  at  Acton,  where  it  is  dried 
and  converted  into  fine  powder  like  guano,  it  is  readily  piii-chased 
by  the  market  gardeners  in  the  locality. 
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The  following  is  an  analysis  of  the  sludge-cake,  showing  that 
International  sludge  has  considerable  value : — 


The     Manurial     Properties     of     Sewage     Sludge     Cake 

PRODUCED     at     the     RoYTON     SeWAGE     DISPOSAL     WORKS. 

Ee^pori  by  J.  Carter  Bell,  Esq.,  A.R.S.M.,  F.I.C.,  etc.,  Analyst 
for  the  County  of  Chester ;  the  County  Boroughs  of  Sdtford  (md 
Birkefihead  ;  also  for  the  Boroughs  of^  StcUybridge,  Congleton,  Ghssap, 
etc,  ;  Analyst  undei'  the  Fertilizers  and  Food  Stuffs  Act,  1893,  for 
tfie  County  of  Chester  and  the  County  Borough  of  Salford. 

The  following  are  the  analyses  of  two  samples  of  Royton  sludge- 
cake  : — 

Sample  No.  1.  Sample  No.  2. 


Moisture 

61-000 

50-500 

OrgaTiic  matter 

U-998 

18-630 

Nitrogen  equals     ... 

•694 

-732 

Ammonia 

•842 

•888 

Silica          

lh005 

18-226 

Lime          

3-417 

3-673 

Oxides  of  iron  and  alumina 

4-433 

5-916 

Phosphoric  acid  equals 

... 

•487 

•520 

Phosphate  of  lime... 

h063 

1135 

Chlorides  and  sulphates 

of  magne- 

sium  and  the  alkalis 

.. . 

3-966 

1803 

These  two  samptes  are  similar  in  composition  to  a  sainple  of  rotten 
farm-yard  manure,  the  analysis  of  which  is  given  helow,  so  that  it 
may  be  compared  with  the  above  : — 

Moisture 75*424 

Organic  matter  ...         ...          ...          15*922 

Ammonia            ...         ...         ...         ...         ...  736 

Phosphate  of  lime          ..-          ...  1*121 

Lime        2*142 

Oxides  of  iron  and  alumina       1  "684 

Silica       1-611 

Chlorides  and  sulphates  of  magnesium  and  the 

alkalis 1-360 
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It  may  be  asked,  what  is  the  value  of  the  Koyton  sludge  cake  l 
The  reply  is : — 

That  in  my  opinion  it  has  the  same  value,  weight  for  weight,  as 
rotten  farm-yard  manure. 

(Signed)    J.  Carter  Bell. 
Manchesteb, 

25th  j4pra,  1894. 

Water  Purification. 

Although,  as  stated  at  the  opening  of  this  lecture,  it  is  not  intended 
to  discuss  the  whole  question  of  water  purification,  it  may  be  well  to 
meDtion  that  for  water  purification  ferozone  and  precipitating  tanks 
we  not  required,  and  only  the  polarite  filters  as  described  for  use  at 
sewage  works  are  employed. 

A  modification  of  this  system  of  using  polarite  has  been  adopted 
at  some  waterworks,  for  instance,  Beading  and  Keighley,  where 
polarite  chambers  are  employed. 

At  Keighley  the  water  is  first  passed  through  ordinary  sand 
filters  and  then  through  chambers  filled  with  polarite  alone,  in  pieces 
tkout  the  size  of  walnuts,  and  not  in  the  finely-gi*anulated  form 
▼iiich  is  used  when  the  polarite  is  mixed  with  an  equal  quantity  of 

One  condition  of  its  successful  use  is  that  the  water  before  reach- 
ing it  must  be  in  a  clarified  state,  ie.,  as  free  as  possible  from  all 
8«8pended  matter,  for  polarite  has  no  more  effect  upon  solid  impuri- 
ties than  sand,  and  if  the  water  is  allowed  to  pass  through  it  without 
Wng  first  deprived  of  the  suspended  impurities  the  medium  wDuld 
become  clogged  and  its  free  oxidizing  action  interfered  with. 

At  Reading  the  turbid  water  of  the  river  Kennet  is  first  passed 
through  a  chamber  filled  with  coke,  and  then  down  through  a 
chamber  filled  with  polarite  to  a  depth  of  2  feet  6  inches,  then  down  , 
another  similar  chamber,  the  water  thus  passing  through  5  feet  of 
polarite.    The  loss  of  head  in  these  chambers  is  very  small. 

Each  chamber  has  an  area  of  40  square  yards,  and  from  January 
H1894,  to  August  31st,  1894,  upwards  of  541,000,000  gallons  have 
own  efiectually  purified  by  means  of  polarite  in  these  polarite 
chambers,  being  filtered  at  the  rate  of  13,917  gallons  per  square 
yard  per  24  hours. 

Thia  is  far  in  excess  of  the  speed  of  filtration  recommended  ;  but 
at  Reading  the  results  obtained  have  been  satisfactory,  and  the 
manager  of  the  Corporation  waterworks  reports  : — "Since  the  intro- 
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Copy  Anftlysls. 

No.  1. 

No.  2. 

Appearance  in  a  2-foot  tube . . 

Slightly      turbid, 
yellowish  brown 

Colourless. 

Smell  when  heated  to  100'  F. 

None 

None. 

Chlorine  in  chlorides 

•75 

•7 

Phosphoric  acid  in  phosphates 

— 

— 

Nitrogen  as  nitrates 

None 

None. 

Ammonia,  free 

•0084 

O076 

,,          albumenoid         

•0122 

•0046 

Hardness          

i%r 

1-r 

„        after  boiling         

1-3** 

1-3"* 

Lead      

None 

None. 

Reaction           

Acid 

NeutraL 

Total  solid  matter  dried  at  212- F.... 

4-4 

5-4 

Sediment  on  standing  some  time     ... 

Small  amount 

Small  amount. 

Microscopical  examination  of    sedi- 
ment 

Frasments  of  veget- 
able fibre,  oxide 
of  iron,  no  life 

Vegetable     debris, 
oxide  of  iron,  no 
life. 

Oxygen  absorbed  in  three  hours     ... 

•087 

•0481 
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duction  of  polarite  we  have  had  no  complaints  as  to  the  quality  of 
the  Reading  water ;  previously  they  were  of  every-day  occurrence." 

Another  advantage  of  this  rapid  rate  of  filtration  is  that  the  t 
polarite  chambers  do  not  become  frozen  as  the  sand  filter-beds  are  [ 
liable  to  do. 

During  the  recent  severe  frost  the  whole  of  the  water  supply  of   | 
Reading  was  passed  through  the  polarite  chambers  with  good  results, 
the  sand  filters  not  being  available  owing  to  the  frost. 

The  borough  engineer  of  Keighley  writes,  under  date  22nd 
January,  1895,  stating  that  he  considers  polarite  does  a  great  deal 
towards  purifying  and  brightening  the  water,  and  sends  the  follow- 
ing copy  of  recent  analyses.  No.  1  is  the  water  before  being  purified. 
No.  2  the  same  water  after  passing  through  polarite  : — 


No.  1  water  taken  from  gathering  ground.     No.  2  water  supplied  from  clean 
water  tank.     Results  given  in  grains  per  gallon. 
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Not  only  has  polarite  the  effect  of  removing  the  dissolved  impuri- 
ties  ht>m  Mrater,  hut  it  also  removes  colour  to  a  remarkahle  degree, 
and  as  most  of  the  large  towns  in  the  north  derive  their  water 
supply  from  moorland  water,  which  is  frequently  impregnated  by 
peat  and  consequently  much  discoloured,  this  is  an  important 
matter. 

In  removing  the  colour  from  water  by  means  of  polarite,  the 
peaty  acid  is  also  removed  which  has  such  an  injurious  action  upon 
lead,  and  contributes  so  largely  to  lead  poisoning  in  many  towns 
supplied  with  soft,  peaty  water. 

Quite  recently  the  Home  Office  has  requested  the  company  to 
tender  for  the  supply  of  one  clarifier  and  sufficient  polarite  for  two 
filters,  each  18  feet  square,  filled  to  a  depth  of  3  feet.  This  order 
was  in  consequence  of  an  experiment  made  in  the  presence  of 
lieut-Colonel  Beamish,  R.E.,  showing  the  effect  of  passing  a  sample 
of  Dartmoor  water,  which  is  strongly  impregnated  with  peat, 
through  polarite,  with  the  result  that  the  purification  effected  was 

62  per  cent.,  as  shown  on  the  following  table. 
The  following  analytical  table  illustrates  the  remarkable  effect  of 

polarite  upon  different  kinds  of  waters,  both  as  to  their  physical 

properties  and  as  to  their  dissolved  organic  impurities  : — 
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Tlie  following  table  of  analyses  shows  the  analytical  results  of 
vaxious  i^aters  before  and  after  filtration. 

It  will  be  seen  by  this  that  polarite  reduces  the  albumenoid 
ajmnonia  (the  polluting  matter  in  solution)  to  an  enormous  extent, 
and  at  the  same  time  gives  the  water  the  freshness  of  a  pure  spring 
supply.  For  comparison,  the  ajbumenoid  ammonia  of  the  Liverpool 
water  supply  is  shown  in  sample  W,  and  from  this  it  is  apparent 
that  the  Chester  water,  V,  from  the  river  Dee,  has  been  purified  by 
polarite  to  a  high  degree,  illustrating  the  remarkable  fact  that  sand- 
filtered /water  can  be  further  purified- by  polarite  to  the  extent  of  72 
per  cent.  It  will  be  observed  that  the  impurities  in  the  Liverpool 
sand-filtered  water  are  nearly  three  times  greater  than  that  of  the 
polarited  vrater  of  the  river  Dee. 
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Analytical  Table  Illushating  the  Increased  Purification  produced  by  tiiff 
Filtration  of  Water  through  Polarite,  as  compared  vnth  ordinary 
Sand  Filtration, 
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In  places  where  open  filter-beds  cannot  be  adopted,  the  asphaleian 
filter,  supplied  by  the  International  Company,  may  be  used  with 
^id vantage.  This  filter  is  worked  under  pressure,  and  will  purify 
ISO  gallons  of  water  a  square  foot  per  hour.  The  asphaleian 
apparatus  is  a  closed  cylinder,  of  cast  or  wrought  iron,  or,  for  light- 
ness, of  steel,  in  which  polarite  is  placed.  It  is  especially  useful  in 
cold  countries,  where  open  filter-beds  are  unsuitable  owing  to  severe 
frosts,  and  in  hot  countries  where  vegetation  luxuriates,  and  soon 
cosLts  the  surfaces  of  open  filter-beds  with  vegetable  growths,  which 
stop  their  action.  The  closed  cylinders  are  provided  with  rotating 
iirms,  to  stir  up  the  surface  sand  for  cleansing  it.  On  reversing  the 
-current  of  vrater  and  opening  a  scum-cock  at  the  top,  the  dirt  which 
had  collected  on  the  surface  is  rapidly  washed  away,  and  the  filter 
^gain  ready  for  use. 

The  filters  referred  to  in  the  table,  page  94,  as  "  Mansion  House 
Ohambers,"  are  of  this  high-pressure  type,  and  have  been  in  con- 
stant and  successful  operation  for  over  six  years,  and  similar  filters 
have  been  supplied  to  the  Government  of  Mysore.  These  asphaleian 
filters  are  specially  adapted  for  use  in  barracks  and  hospitals, 
because  it  has  been  found  that  in  these  places  germ-laden  air 
contaminates  the  water  in  cisterns  and  filters. 

In  passing  through  a  sufficiently  thick  layer  of  polarite,  these 
^erms  are  removed  and  the  air  becomes  sterilized.  In  these  filters 
no  air  is  admitted  without  first  having  passed  through  a  sterilizing 
chamber  containing  polarite,  and  the  water  is  kept  pure  and  uncon- 
taminated. 

In  conclusion,  the  author  must  express  his  acknowledgments  for 
the  valuable  assistance  that  he  has  received  from  the  officials  of  the 
International  Water  and  Sewage  Purification  Company,  and  to  ex- 
press his  opinion  that  if  as  great  improvements  are  made  in  the 
treatment  of  sewage  during  the  next  seven  years  as  have  been  made 
in  the  last,  the  great  problem  of  sewage  disposal  may  be  considered 
to  be  definitely  settled. 
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PAPER    VI. 

FORTIFICATION    IN    SAVAGE 
WARFARE. 

By  Major  W.  D.  Conner,  E.E. 
{Lecture  Delivej-ed  at  the  S.M.E.,  20th  and   2lst  Februanj,  1895). 


It  needs,  I  think,  but  a  brief  residence  at  the  S.M.E.,  Chatham,  to 
convince  anyone  how  multifarious  are  the  acquirements  of  an 
Engineer  officer  now-a-days,  while  a  glance  at  the  E.E.  Journal 
will  disclose  an  astonishing  diversity  in  our  occupations  during 
peace  time.  Nevertheless,  we  must  always  remember  that  the 
canae  and  object  of  our  existence  is  war,  and  that  the  one  science 
in  which  we  all  must  be  specialists,  is  what  we  call  in  our  military 
schools  "fortification,"  but  what  is  more  exactly  described  as  "military 
engineering."  Lest,  however,  I  be  deemed  presumptuous  in  coming 
^  the  headquarters  of  my  Corps  to  address  you  on  such  a  subject, 
let  me  hasten  to  inform  you  that  I  have  no  new  theory  or  principle 
to  air.  I  merely  propose  to  lead  some  of  the  junior  officers  along 
paths  which  may  be  unfamiliar  to  them,  and  to  examine,  from  an 
Engineer's  point  of  view,  some  incidents  in  campaigns  of  minor 
celebrity  which  have  taken  place  in  modern  times. 

With  the  exception  of  the  Mutiny,  the  Boer  War  in  1881,  and  the 
expedition  against  Arabi  Pasha  in  1882,  all  the  campaigns  in  which 
we  have  found  ourselves  engaged  since  the  Crimea  have  been 
against  uncivilized  enemies,  and  though  the  likelihood  of  a  gigantic 
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European  war  is  great,  the  probabilitj''  of  a  recurrence  of  petty 
wars  on  our  various  frontiers  is  still  greater,  so  it  cannot  be  deemerl 
waste  of  time  to  consider  in  what  points  fortification  in  savage 
warfare  differs  from  that  taught  in  our  text-books,  in  which  the 
enemy  is  assumed  to  be  possessed  of  the  best  devices  that  can  be 
invented  for  compassing  our  destruction. 

Our  uncivilized  enemy  possesses,  as  a  nile,  superiority  in  numbers, 
individual  agility,  and  marching  powers,  and  is  able  to  conduct 
operations  unhampered  by  thoughts  of  supply,  care  of  wounded, 
baggage,  and  such  like  impedimenta.  To  counterbalance  these 
advantages,  he  is  generall}"  wanting  in  organization  and  discipline, 
his  arms  indifferent  and  ill-cared  for,  and  his  shooting  inaccurat*;, 
while  his  supplies  of  ammunition  are  frequently  limited.  He 
probably  possesses  no  artillery,  or,  if  he  does,  is  unable  to  use  it 
properly,  and  though  disdainful  of  death,  and  gifted  with  courage 
of  the  highest  order,  he  is  generally  lacking  in  coolness,  and 
impatient  of  reverse.  In  many  cases  his  force  is  wanting  in 
cohesion,  and  there  is  amongst  the  chiefs  jealousy  and  distrust, 
which  are  apt  to  show  themselves  when  things  go  wrong,  even  if 
they  have  remuined  hidden  till  then.  In  a  European  war,  the  lied 
Cross  is  respected  by  all  combatants,  whereas,  in  dealing  with  a 
barbarous  foe,  the  commander  of  a  force  miLst  take  the  most  careful 
precautions  tor  the  safety  of  his  sick,  wounded,  and  non-combatants 
the  protection  of  whom  will  greatly  incommode  his  arrangements. 

Aforalj  which  is  important  in  all  warfare,  is  everything  when 
dealing  with  savages,  so  it  is  a  sourd  maxim  always  to  take  the 
oj^eiisive  when  possible,  and  many  of  our  worst  defeats  have  been 
brought  about  by  the  neglect  of  this  principle.  Obviously,  however, 
it  is  not  always  desirable  to  come  to  close  quarters ;  against  over- 
whelming cdds,  or  in  engaging  an  enemy  armed  only  with  weapons 
for  cut  and  thnist,it  is  manifestly  preferable  to  keep  them  at  adistance, 
and  in  many  cases  the  disparity  of  forces  restricts  one's  choice 
between  taking  the  defensive  or  being  annihilated.  Here,  readiness 
of  resource,  and  the  faculty  of  utilizing  the  worst  materials,  will  be 
more  than  ever  valuable,  and  more  frequent  opportunities  will  l)e 
afforded  to  junior  officers  than  on  occasions  when  larger  bodies  of 
troops  are  manoeuvred. 

The  works  to  be  constnicted  will  doubtless  be  modest  from  an 
engineering  point  of  view,  but  they  must  not  on  that  account  be 
viewed  with  disdain.  They  are  a  service  for  which  every  Engineer 
officer  should  be  prepared,  and  though  many  of  the  ideas  appear  to 
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be  simply  the  dictates  of  common  sense,  yet  it  is  from  omission  to 
utilize  these  ideas  that  disasters  have  occurred. 

One  form  of  aggression,  peculiar  to  some  savages,  is  the  individual 
night  attack,  a  method  which  by  no  means  finds  favour  in  the  eyes 
of  European  troops,  seeing  that  the  success  of  the  enterprise  results 
only  in  the  temporary  confusion  of  the  defence,  whilst  its  failure 
involves  the  destruction  of  the  assailants.  Over  the  savage  nature, 
however,  individual  secret  action  exercises  a  potent  charm,  as 
involving  courage  and  stealth  with  the  precious  possibilities  of 
Woodshed  and  loot.  Be  that  as  it  may  be,  the  notion  of  stealthy 
marauders  crawling  about  at  night,  though  seductive  to  the  prin- 
cipal actors,  is  eminently  distasteful  to  the  British  soldier,  who  likes 
his  fighting  conducted  according  to  his  own  ideas  of  fair  play,  and, 
ii  possible,  by  daylight. 

But  different  people  have  different  ideas — as  in  the  early  wars 
in  Burmah,  where  the  Burmese  frequently  remonstrated  with  us 
because,  contrary  to  all  precedent,  we  used  to  continue  hostilities 
during  the  heat  of  the  day,  and  occasionally  capture  whole  parties 
asleep — and  one  should  not  despise  an  enemy  because  he  shows 
wbtlety  in  attack,  and  even  in  open  fighting  it  must  be  clearly 
understood  that  the  savage  does  not  always  meet  his  civilized 
enemy  with  any  feeling  of  inferiority — far  from  it. 

Where  the  attacking  force  possesses  no  artillery,  the  defence  will 
have  no  need  of  thick  parapets,  overhead  or  splinter-proof  cover, 
while  accurate  long-range  rifle  fire  need  not  be  feared,  for  even  if 
the  savage  could  shoot  effectively  at  long  i-anges — which  he  cannot 
do— he  would  hesitate  to  run  the  risk  of  wasting  shots,  considering 
the  difficulty  of  replenishing  his  store — "  ammunition  columns,  re- 
serves, regimental  arrangements,"  and  the  like,  being  to  him  so  many 
idle  words. 

Under  these  circumstances,  the  construction  of  a  defensive  work 
will  be  of  extreme  simplicity,  the  chief  essentials  being  a  clear  space 
wound  it,  to  prevent  surprise  and  to  allow  of  effective  fire,  and  an 
efficient  obstacle.  The  latter  may  be  called  upon  to  afford  pro- 
^tion  against — (1),  a  close  tire;  (2),  an  attack  en  masse;  or  (3) 
individual  marauders  whose  operations  will  be  conducted  under 
cover  of  darknes?. 

(I)  needs  no  comment,  though  it  may  be  pointed  out  that  no 
aDowance  used  to  be  maiie  for  the  drop  of  the  enemy's  bullets,  out 
01  sight  being  out  of  shot  under  the  circumstances. 
(2).  The  assault  may  be  delivered  with  great  determination  and 
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suddenness,  and  it  is  of  the  utmost  importance  that  not  for  an 
instant  should  the  slightest  approach  to  weakness  or  wavering  show 
itself  on  the  part  of  the  defence.  It  is  not  suflScient,  as  may  be  the 
•case  in  European  war,  that  the  obstacle  should  break  the  formation 
of  the  enemy's  attack.  Whether  parapet,  palisade,  wall,  or  bush,  it 
must  bo  sufficiently  strong  to  ward  off  hand-to-hand  fighting,  and  to 
keep  back  the  assailants  till  they  are  all  killed  or  dispersed. 

(3).  Where  indi^ndual  night  attack  is  apprehended,  flank  defence 
is  advisable,  as  there  must  be  no  sheltered  spot  close  at  hand  where 
a  spy  can  lie  hidden  till  he  can  find  a  suitable  opportunity  for 
shooting  a  sentry  or  crawling  into  the  work.  Of  course,  no  compli- 
cated trace  is  admissible,  a  small  projection  at  the  angles,  or,  in  the 
case  of  a  wall,  a  rough  machicolation  of  stones  at  the  top,  being 
sufficient.  Mere  technical  skill  must  he  secondary  to  a  ready  ability 
to  grasp  the  situation  and  to  quickly  utilize  available  materials. 
The  obstacle  is  all-important,  and  until  it  is  in  a  fairly  completed 
state,  to  waste  time  over  elaboration  of  detiiil  is  to  court  disaster. 

Nkw  Zealand. 

From  the  year  1860  to  1865  we  had  to  contend  with  three 
distinct  parties  among  the  natives.  With  one  of  these  we  had 
no  quarrel  whatever;  they  joined  the  others  from  the  mere  pleasure 
of  fighting.  The  Maoris  possessed  the  highest  military  qualities, 
coolness,  wariness,  spirit,  deteimination,  judgment  in  taking  up 
positions,  and  sagacity  in  knowing  when  to  vacate  them.  They 
were  never  depressed  by  reverses,  and  the  following  incident  will 
demonstrate  their  courage. 

In  the  attack  on  the  Orakau  Pah  in  1 864,  one  of  the  Maoris,  a  man 
of  gigantic  stature,  had  his  left  leg  broken  and  his  right  shin  bone 
splintered.  Though  undoubtedly  suffering  terrible  agony,  he  had 
his  limbs  bound  up  in  rude  splints  and  continued  to  fight  bravely 
till  shot  through  the  head. 

They  were  very  successful  in  ambuscade,  and  their  skill  in 
escaping  through  marshes  and  jungle  apparently  impassable,  was 
remarkable.  Once,  a  pah,  which  had  contained  a  numerous  garrison 
on  the  preceding  evening,  was  attacked  on  two  sides  by  an  imposing 
force  in  the  early  morning,  but  no  more  formidable  tenants  were 
found  than  a  blind  man  and  an  old  woman. 

In  the  attack  on  the  redoubt  of  Kangariri  in  1863,  after  two 
jassaults  had  been  repulsed  with  loss,  it  was  resolved  to  try  mining, 
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and  a  gallery  was  actually  driven  under  the  parapet,  but,  as  all  the 
fuze  had  been  mislaid,  underground  operations  were  abandoned. 

Great  hardships  were  sometimes  endured  by  our  men.  On  one 
inarch  they  were  obliged  to  subsist  for  two  days  on  horseflesh. 

That  these  natives  were  particularly  good  at  the  construction  of 
rifle  pits  and  entrenchments  will  be  gathered  from  an  account  of 
"  The  Attack  on  the  *  Gate  Pah.' " 

On  the  27th  April,   1864,  a  British  force   1,695  strong,   under 

General  Cameron,  found  a  body  of  insurgent  Maoris  near  Tauranga 

occupying  a  strong  position  consisting  of  a  shelter  trench  thrown  across 

a  neck  of  land  between  two  marshes  {Flaie  I.).     The  highest  point  of 

the  position  was  in  the  centre,  and  from  it  the  ground  fell  about 

50  feet  to  front  and  rear,  the  summit  being  occupied  by  two  oblong 

redoubts,  or  rather  immense  traverses,  containing  several  blindages 

▼ith  arrangements  for  firing  from  inside,  as  well  as  innumerable 

open  passages,  securely  defiladed  from  flanking  fire  by  overlapping 

traverses,  while  all  round  th^  redoubt  was  a  palisade  standing  in  the 

open.    The  blindages  were  roofed  with  wattles  thatched  with  fern 

and  covered   with  earth.     On  arriving   in   front  of   this  position, 

though  its  garrison  was  estimated  at  from  150  to  300  men,  it  was 

deemed  too  strong  for  immediate  assault,  and  preparations  were 

made  for  an  artillery  attack  next  morning,  while  under  cover  of 

night  the  68th  Regiment,  650  strong,  succeeded  in  making  a  very 

<iifficTilt  march  through  the  marsh  on  the  right  flank  of  the  defence, 

Md  took  up  their  position  about  half  a  mile  in  rear  of  the  pah, 

without  being  perceived    by  the  garrison,   whose  attention  was 

diverted  by  a  false  demonstration  on  the  other  flank.     At  6.30  a.m. 

on  the  28th  fire  was  opened  from  a  miniature  siege  train  consisting  of 

one  110-pr.,  one  40-pr.  Armstrong,  two  24-pr.  howitzers,  two  6-pr. 

Armstrongs,  and  some  mortars.     The  ranges  were  very  short,  the 

guns  being  divided  into  four  batteries  and  protected  by  light  epaul- 

ments.  For  some  hours  they  did  not  seem  to  make  much  impression, 

but  this  may  have  been  due  to  the  fact  that  the  fire  was  directed 

<Ja  a  flagstaff  which  was  supposed  to  be  in  the  work,  but  which 

eventually  proved   to  be  100  yards  behind  it.     To   this  terrific 

bombardment  no  reply  whatever  was  vouchsafed,  the  Maoris  lying 

<iyietly  in  their  blindages  and  trenches  under  a  hurricane  of  shot 

and  shell.    J3y  4  p.m.,  however,  one  angle  of  the  big  redoubt  was 

completely  breached,  and  the  assault  was  ordered.     The  storming 

party  consisted  of  150  men  of  the  43rd  L.I.,  and  the  same  number 

irom  the  Naval  Brigade — bluejackets  and  marines.     One  hundred 
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and  seventy  men  of  the  70th  Regiment  were  extended  to  keep  down 
the  enemy's  fire,  and  follow  as  a  support  to  the  assaulting  party, 
while  the  reserve  consisted  of  300  men.  The  storming  party, 
formed  in  a  column  of  fours,  with  two  sailors  and  two  soldiers 
abreast  in  each  section,  effected  an  entry  with  little  loss,  but 
scarcely  were  they  in  the  work  when  they  were  attacked  with  great 
vigour  by  the  garrison,  and  after  a  short  struggle  turned  round 
and  rushed  pell  mell  out  of  the  breach.  This  sudden  panic  may 
probably  be  explained  by  the  troops  knowing  nothing  of  the 
blindages  and  trenches  of  the  defence,  and  being  unexpectedly 
assailed  when  they  reached  the  summit  of  the  earthwork  by  the 
fire  of  a  hidden  enemy.  The  supports  were  unable  to  check  the 
rout,  and  as  the  Maoris  concentrated  their  fire  on  the  mass  of 
the  fugitives,  great  loss  was  experienced.  It  was  con.sidered 
unadvisable  to  renew  the  assault  before  next  day,  and  a  line  of 
entrenchments  was  then  thrown  up  across  the  front  of  the  work, 
about  100  yards  from  it.  When  the  assault  was  made,  some  of  the 
garrison  had  attempted  to  escape,  but  were  driven  back  into  the  pah 
by  the  68th.  However,  when  morning  dawned,  it  was  found  that 
the  pah  was  deserted,  the  enemy  having  escaped  during  the  night, 
which  was  very  dark,  and  by  crawling  through  the  swamps  eluded 
the  vigilance  of  the  68th,  as  the  latter  had  got  past  them  on  the 
previous  night.  Our  loss  was  10  officers  and  27  men  killed,  and 
4  officers  and  72  men  wounded,  while  that  of  the  Maoris  in  killed 
and  wounded  was  computed  at  30.  That  the  failure  of  this  attack 
was  not  due  to  the  inferior  quality  of  the  troops  concerned  in  it  is 
proved  by  the  fact  that,  four  weeks  later,  the  43rd  L.I.,  of  whom 
the  colonel  and  six  officers  were  killed,  and  two  more  wounded,  at 
the  Gate  Pah,  distinguished  itself  greatly  at  an  assault  on  the  Le 
Raunga  Pah,  which,  occupying  an  almost  exactly  similar  position  to 
the  Gate  Pah,  they  took  at  the  point  of  the  bayonet,  killing  over 
110  of  its  garrison.  A  French  writer  (Pierron)  describes  the  works 
of  the  Maoris  as  the  perfection  of  shelter  trenches,  cover  from  direct 
fire  being  secured  by  the  depth  of  the  trenches,  and  from  curved  by 
the  construction  of  blindages.  The  plan  of  the  work,  with  its  maze 
of  passages  and  traverses,  well  calculated  to  confuse  the  assault,  is 
worth  examination  ;  also  the  drawing  of  the  palisade,  which  is 
difficult  to  break  up  with  artillery  fire,  permits  of  the  defenders 
firing  under  it  along  the  surface  of  the  ground,  and  is  sufficient  to 
break  the  formation  of  an  attacking  party.  It  may  not  be  hypercritical 
to  point  out  that  more  breaches  might  have  been  made,  assaults 
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might  have  been  delivered  by  several  separate  columns,  the  fronts 
of  which  might  have  been  wider  than  a  section  of  fours,  and  that 
soldiers  and  sailors  are  not  always  seen  to  the  best  advantage  when 
intermingled. 

The  Abyssinian  Expedition  of  1S67-68 

next  claims  our  attention,  but  as  there  was  only  one  small  action 
fought,  I  will  hastily  pass  it  over,  merely  pointing  out  that  it  was 
an  example  of  most  excellent  arrcingemenL  throughout,  and  of  the 
merits  of  an  Engineer  oflicer  in  supreme  command. 

The  10th  Company,  K.E.,  three  companies  ol  Madras  and  two  of 
Bombay  Sappers,  with  a  large  numbei  of  R.E.  olficers,  mostly  from 
India,  did  splendid  service,  coiistructujg  piers  and  stores,  sinking 
wells,  making  roads,  and  a  narrow-gauge  railway,  12  miles  long, 
from  the  landing  place,  Zoola,  in  Annersley  Bay,  to  the  toot  of  the 
mountains.  This  railway  was  entirely  made,  under  the  direction  of 
R.E.  officers,  by  working  parties  of  native  •infantry,  with  a  few 
civilian  plate-layers,  and  took  over  three  months  to  complete;  but 
great  difficulties  had  to  be  contended  with.  No  less  than  five 
descriptions  of  rails  were  provided,  with  four  different  principles  of 
fixing,  and  as  the  disembarkation  of  the  plant  just  kept  pace  with 
the  requirements  of  the  work,  the  line  was  fed  from  hand-to-mouth, 
and  there  was  no  time  for  stacking  oi  sorting. 

The  tender  of  an  eminent  contractor  for  making  tiio  line  was 
^72,000,  and  its  cost,  by  military  labour,  exclusive  of  rails  and 
plant,  only  came  to  £6,000,  so  a  great  saving  was  efi'ected. 

At  the  assault  on  Magdala  on  the  13th  April,  though  barrels  of 
powder  were  available,  it  was  found  that  the  powder  bags  had  been 
left  behind.  This  was,  at  the  time,  much  commented  on  by  the 
newspaper  correspondents,  but  it  was  afterwards  shown  that  the  bags 
had  been  abandoned  in  the  hurried  march  by  order  of  a  general 
officer,  and  had  been  then  stolen  by  some  natives.  Moreover,  if 
they  had  been  used,  they  could  not  have  failed  to  blow  the  assault- 
ing party  over  the  precipice,  so  their  non-appear«T,nco  may  be 
deemed  to  have  been  providential. 

AsHANTi,  1873-74. 

Few  countries  are  naturally  more  unfavourable  for  the  practice  of 
the  principles  of  field  foitification  than  that  through  which  our 
troops  inarched  from  Cape  Coast  Castle  to  Coomassie,  seeing  that  it 
w  thickly  covered  with  forests  of  very  large  trees,  all  of  hard  wood, 


Digitized  by  VjOOQ IC 


106 

knitted  together  by  dense  undergrowth  and  creepers.  The  track 
crossed  one  large  river  (the  Prah)  and  several  smaller  streams,  while 
the  deadly  climate  almost  precluded  the  idea  of  Europeans  working ; 
native  labour  was  difficult  to  procure,  and  when  obtained  proved  to 
be  of  the  very  worst  quality.  There  was  but  little  time  to  execute 
anything,  as  the  extent  of  the  campaign  was  limited  to  the  duration 
of  the  so-called  dry  season,  December  to  March. 

As  a  type  of  numerous  small  works  built  may  be  mentioned  one 
called  Fort  Cambridge  at  Mansu,  a  clearing  half-way  between  the 
coast  and  the  Prah.  It  was  surrounded  by  a  shelter  trench,  lined 
with  fraises,  and  a  stockade  of  bamboos,  laced  together  with  split 
bamboos  and  creepers.  A  large  ant-hill  in  the  centre  was  dug  out 
and  formed  into  a  sort  of  keep,  where  20  men  could  defend  them- 
selves, and  interior  trenches  were  dug,  in  which  the  native  labourers 
could  conceal  themselves. 

The  difficulty  in  clearing  the  ground  with  untrained  labour  was 
very  great,  every  tree  being  so  entwined  with  creepers  that  when 
cut  it  would  sometimes  refuse  to  fall,  and  would  remain  standing  in 
its  place  supported  by  others,  till  occasionally  four  or  five  trees 
would  have  to  be  brought  down  together.  The  masses  of  branches 
and  foliage  knotted  together  were  enormous,  and  as  the  trees  fell, 
huge  ants'  nests  would  be  broken,  and  the  ants,  running  all  over  the 
place,  used  actually  to  drive  the  men  from  their  work.  So  wet  and 
full  of  sap  were  the  trees,  that  it  was  utterly  impossible  to  burn 
them. 

On  arrival  at  the  Prah,  over  which  a  bridge  for  infantry  was  to  be 
thrown,  it  was  found  to  be  from  50  to  70  yards  wide,  from  8  feet  to 
10  feet  deep,  with  precipitous  banks,  a  fairly  regular  bottom,  and  a 
strong  current,  subject  to  very  rapid  rises  and  falls.  There  was  no 
means  of  driving  piles,  and  such  light  trestles  as  the  tackle  on  the 
spot  could  get  out  would  undoubtedly  have  been  carried  away  in  a 
short  time,  so  under  the  circumstances  cribwork  piers  were  decided 
upon  {Plate  XL).  These  were  made  of  timbers  lashed  together  with 
rope,  tightened  by  wedges,  and  were  rectangular  in  plan,  8  feet  by  6 
feet  at  bottom,  battered  in  to  4  feet  by  3  feet  at  the  level  of  the  sur- 
face of  the  water,  the  portion  that  was  to  be  above  water  being  added 
afterwards,  so  as  to  facilitate  the  sinking  of  the  lower  parts  in 
position.  Each  of  the  latter  was  floated  out  to  its  proper  place  in 
a  vertical  position,  barrels  being  attached  to  it  by  slip-knots  to  give 
additional  buoyancy,  as  the  wood  was  heavy,  while  to  make  the 
whole  remain  upright  a  sandbag  was  lashed  to  each  comer  of  the 
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l)Ottom,  which  was  a  cross-barred  frame.      As  soon  as   this  was 
floated  into  its  proper  place  in  the  line  of  the  bridge,  a  raft,  loaded 
with  fille<l  sandbags,  bread  bags,  and  rice  boxes,  was  brought  along- 
side of  it,  the  slip-knots  let  go,  allowing  the  barrels  to  float  up,  and 
the  sandbags,  etc.,  then  thrown  into  the  crib  to   sink   it  in  its 
proper  position.     The  parts  of  the  cribs  above  the  water  would  then 
be  super-imposed,  and  rough   transoms  put  on  them.     When   in 
position,  all  the  cribs  were  lashed  together  with  a  3-inch  rope,  and 
each  one  strutted  up  on  the  down-stream  side,  while  an  apron  of 
sandbags  and  rice  boxes  was  thrown  in  to  prevent  movement.     The 
bridge  was  completed  by  placing  on  the  piers  some  light  built-up 
girders,  which   had   been   sent  out   from   Chatham,  the   roadway 
secured  with  telegraph  wire  and  iron  spikes,  and  a  handrail  was 
sabsequently  added.    This  bridge,  which  allowed  of  a  clear  roadway 
of  5  feet  width,  was  built  in  61  hours,  and  was  found  by  the 
expeditionary  force,   on   their   return   from   Coom'assie   six  weeks 
afterwards,  to  be  as  good  as  new,  though  a  very  severe  flood,  which 
row  Dearly  to  the  roadway,  had  burst  upon  it  in  the  meantime. 

Zulu  War,  1879. 

A  complete  contrast  to  the  thick  jungles  of  the  Gold  Coast  is 
found  in  the  open  grass  plains  on  which  the  campaign  against  the 
Zulus  was  fought.  An  account  of  the  attack  on  Rorkc's  Drift  ^vill 
sen-e  as  an  excellent  illustration  of  the  merits  of  hasty  defences 
(PIdellL) 

Shortly  after  3  o'clock  on  the  afternoon  of  the  22nd  January, 
1ST9,  a  fugitive  brought  to  the  detachment  at  Rorke's  Drift  the 
news  of  the  annihilation  only  an  hour  before  of  the  British  force  at 
Isandhlwana,  seven  miles  away,  by  a  Zulu  army  of  nearly  14,000 
men.  There  was  but  little  time  for  preparation,  but  that  little  time 
^as  utilized  to  the  utmost  by  Lieutenants  Chard,  R.E.  (now  major 
and  V.C.),  and  Bromhead,  24th  Regiment  (afterwards  V.C.).  The 
meagre  garrison  numbered  but  104  fighting  men,  mostly  of  the 
24th  Regiment,  besides  35  sick  men  in  the  hospital.  There  were 
alao  some  native  troops,  but  they  bolted  as  soon  as  firing  was  heard 
m  the  distance.  Tents  were  struck,  the  storehouse  and  hospital — 
▼hich  were  built  of  stone,  but  with  thatched  roofs — barricaded  and 
loopholed,  the  two  buildings,  which  were  30  yards  apart,  being 
connected  by  a  parapet  made  of  a  few  wagons  and  a  number  of 
"*g8  of  Indian  corn.     As  the  length  of  the  parapet  was  too  great 
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for  the  garrison,  an  inner  retrenchment  of  biscuit  boxes  was  made 
across  the  enclosure ;  but  this  was  only  two  boxes  high  when  tbe 
attack  commenced.  The  following  is  an  extract  from  Lieutenant 
Chard's  description  of  the  struggle : — 

"  About  4.30  p.m.  500  or  600  of  the  enemy  came  in  sight  round 
the  hill  to  our  south,  and  advanced  at  a  run  against  the  south  wall. 
They  were  met  by  a  well-sustained  fire,  but  notwithstanding  their 
heavy  loss  continued  to  advance  to  within  50  yards  of  the  wall, 
where  they  met  with  such  a  heavy  fire  from  the  wall,  and  cross-fii*e 
from  the  store,  that  they  were  checked,  but  taking  advantage  of 
the  cover  afforded  by  the  cookhouse  ovens,  etc.,  kept  up  a  heavy 
fire.  The  greater  number,  however,  moved  to  the  left  without 
stopping,  and  passing  the  hospital,  made  a  rush  at  our  north-west 
wall  of  mealie  bags,  but  after  a  short  but  desperate  struggle  were 
driven  back  with  heavy  loss  into  the  bush  around  the  work. 

"The  main  body  of  the  enemy  were  close  behind,  and  had 
lined  the  ledge  of  rock  and  caves  overlooking  us  about  400  yards 
to  our  south,  from  where  they  kept  up  a  constant  fire,  and 
advancing  somewhat  more  to  their  left  than  the  first  attack, 
occupied  the  garden,  hollow  road,  and  bush  in  great  force.  Taking 
advantage  of  the  bush,  which  we  had  not  had  time  to  cut  down, 
the  enemy  were  able  to  advance  under  cover  close  to  our  wall, 
and  in  this  part  soon  held  one  side  of  the  wall,  while  we  held  the 
other.  A  series  of  desperate  assaults  were  made,  extending  from 
the  hospital  along  the  wall  as  far  as  the  bush  reached,  but  each  was 
most  splendidly  met  and  repulsed  by  our  men  with  the  bayonet. 
The  fire  from  the  rocks  behind  us,  though  badly  directed,  took  us 
completely  in  reverse,  and  was  so  heavy  that  we  8uff*ered  very 
severely,  and  about  6  p.m.  were  forced  to  retire  behind  the  retrench- 
ment of  biscuit  boxes.  All  this  time  the  enemy  had  been  attempting 
to  force  the  hospital,  and  shortly  after  set  fire  to  its  roof.  The 
garrison  of  the  hospital  defended  it  room  by  room,  bringing  out  all 
the  sick  who  could  be  moved  before  they  retired.  From  the  want 
of  interior  communication,  and  the  burning  of  the  house,  it  was 
impossible  to  save  all.  With  most  heartfelt  sorrow  I  regret  we 
could  not  save  these  poor  fellows  from  a  terrible  fate.  Seeing  the 
hospital  burning,  and  the  desperate  attempts  of  the  enemy  to  fire 
the  roof  of  the  stores,  we  converted  two  mealie  bag  heaps  into  » 
sort  of  redoubt,  which  gave  a  second  line  of  defence  all  round.  As 
darkness  came  on  we  were  completely  surrounded,  and,  after  several 
attempts  had  been  gallantly  repulsed,  were  forced  eventually  to 
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retire  to  the  middle,  and  then  inner  wall  of  the  kraal  to  our  east. 
The  position  we  then  held  we  retained  throughout.  A  desultory 
fire  was  kept  up  all  night,  and  several  assaults  were  attempted  and 
repnlsed,  the  vigour  of  the  attack  continuing  till  after  midnight. 
The  men,  firing  with  the  greatest  coolness,  did  not  waste  a  shot^  the 
light  afforded  by  the  burning  hospital  being  of  great  help  to  us. 
About  4  a.m.  next  morning  the  firing  ceased,  and  at  daybreak  the 

.   enemy  were  out  of  sight  over  the  hills  to  the  south-west." 

About  400  dead  Zulus  were  found  on  the  ground  round  the  post. 
It  will  be  seen  that  the  position  was  by  no  means  naturally  a  strong 
one,  the  proximity  of  the  bush,  garden,  and  outlying  buildings  being 
a  weak  point,  while  the  defenders  on  the  northern  side  were  exposed 
to  a  reverse  fire.  The  value  of  a  retrenchment  is  here  clearly 
demonstrated. 

The  Afghan  War,  1878-80. 

Though  all  the  Afridi  tribes  round  the  Khyber  Pass  were  sup- 
posed to  be  "  friendly,"  yet,  on  the  commencement  of  the  campaign, 
they  used  to  attack  our  outposts  almost  nightly  as  soon  as  darkness 
afforded  a  decent  cloak  for  their  misbehaviour.  As  these  outposts, 
or  picquets,  were  very  necessary  to  give  security  to  the  large  en- 
campments, it  speedily  became  imperative  to  put  them  in  a  state  of 
defence  sufficient  to  withstand  straggling  and  individual  attacks. 
The  loose  stone  which  covered  the  ground  afforded  an  excellent 
material  for  parapet  and  obstacle  combined  (Plate  VI.,  Fig,  1).  The 
enclosure  within  the  wall  was  often  circular,  and,  of  course,  varied  in 
size, strength,  and  elaboration  according  to  its  position  and  the  purpose 
for  which  it  was  required,  as  well  as  to  the  size  of  its  garrison.  The 
wall  itself  was  made  too  high  to  be  rushed  and  too  strong  to  be 
pulled  down.  Behind  it  was  a  banquette,  with  steps  down  into  the 
interior.  The  post  being  invariably  on  high  ground,  a  knoll  with 
steep  sides  was,  if  possible,  selected,  so  that  the  height  of  the 
obstacle  could  be  increased  by  scarping  the  ground  on  the  outside. 
Precautions  had  to  be  taken  to  prevent  the  head  of  the  sentry, 
vhen  standing  on  the  banquette,  from  being  seen  against  the  sky- 
line from  outside  the  enclosure.  This  was  done  by  placing  rough 
stones  or  sandbags  on  the  wall,  allowing  spaces  for  firing  through, 
while  a  complete  view  of  the  ground  just  outside  was  obtained  by  a 
slight  irregularity  of  trace,  or  by  large  stones  laid  on  the  top  and 
proJBcting  over  the  front,  with  sandbags  laid  on  them,  so  as  to  allow 
of  the  exterior  of  the  wall  being  seen.     The  entrance  was  often 
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closed  by  loose  planks  lying  horizontally  on  edge,  one  oVer  the 
other,  the  ends  fitting  in  between  stout  uprights.  This  is  an 
excellent  form  of  entrance  to  a  work  built  for  purely  defensive  pur- 
poses, as,  each  plank  being  separate,  it  can  only  be  opened  graduallr, 
and  it  would  be  very  difficult  to  destroy  except  by  attacking  the 
planks  seriatim.  This  stone- wall  type  of  fortification  has  long  been 
in  vogue  amongst  the  Afghans  themselves,  and  the  works,  which 
they  call  "  sungars,"  have  occasionally  proved  useful  to  them  against 
our  troops,  as  in  the  action  of  Futtehabad. 

In  every  Afghan  village  there  can  be  found,  where  we  have  not 
blown  them  down,  one  or  more  towers,  used  as  strongholds,  built  of 
stones  and  mud,  with  layers  of  sticks  at  intervals.  The  rooms  in 
them,  occupied  by  the  defenders,  are  at  a  considerable  height  above 
the  ground,  and  often  can  only  be  reached  by  climbing  up  a  rope 
hanging  down  through  a  shaft,  not  much  larger  than  an  ordinary 
chimney  and  quite  as  dark  ;  a  path  to  glory  eminently  unattractive. 
The  demolition  of  these  towers  was  reduced  by  us  to  an  exact 
science,  small  parties  of  native  sappers,  properly  equipped,  being 
always  kept  in  readiness  to  set  out  with  every  expedition,  the 
eflfacement  of  each  tower  being  always  completed  in  an  hour  from 
commencement  of  work.  On  one  occasion,  there  being  no  Bickford's 
fuze  available,  the  havildar  (or  native  sergeant)  in  charge  of  the 
party  made  an  excellent  slow  match  by  tearing  his  turban  into 
shreds,  and  rubbing  damp  powder  into  it.  The  demolition  was  com- 
pleted in  the  usual  time. 

On  the  retirement  of  the  force  from  the  Khyber  line  to  India  in 
1879,  about  900  tons  of  stores  were  sent  down  the  Cabul  river  from 
Jelalabad  to  Dakka,  a  distance  of  40  miles,  on  rafts  constructed  some 
of  timber  and  barrels,  but  the  majority  of  tanned  bullock  hides,  of 
which  over  7,000  were  used,  the  buoyancy  of  each  being  about 
2001bs.,  and  the  average  number  of  skins  required  for  each  raft 
being  36.  These  skins  could  be  obtained  in  great  numbers  in  all  the 
villages  near  the  river,  and  when  sewn  up  and  inflated  by  breath  or 
bellows,  were  formed  into  piers  like  barrels. 

The  Soudan,  1884-85. 

The  "zeiiba,"   which  so  often  played  a  prominent  part  in  this 
campaign,  was  simply  an  enclosure  surrounded  by  the  thorny  bushej? 
of  the  mimosa,  cut  down  and  laid  in  rows  to  form  an  obstacle.  •  In 
the  branches  wire  was  intertwined,  when  procurable,  and  a  fair  pro- 
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tection  was  afiforded  by  the  thorns  against  stealthy  night  attack, 

thoagh  there  were  not  wanting  instances  of  their  being  powerless  to 

repel  a  determined  rush.     Barbed  wire  would  probably  make  the 

obstacle  much  more  formidable. 

I      I^nd  mines,  fired  both  by  electricity  and  by  tread,  were  much 

I  used  about    Siiakin.      The  Arabs  seem  to  have  been  particularly 

j  dexterous  in  neutralizing  the  action  of  the  former  by  cutting  the 

*  wir^  their  movements  being  noiseless  and    impossible  to   detect, 

while  drifting  sand  much  discounted  the  utility  of  the  latter,  though 

had  a  hostile  rush  been  made  over  them,  they  M'ould  doubtless  have 

'.    proved  very  efi'ective. 

I  Tbe  necessity  for  forming  defences  rapidly,  and  the  evils  of  being 
i  interropted  when  at  work,  cannot  be  more  forcibly  illustrated  than 
]  by  the  action  at  Tofrik,  familiarly  known  as  the  attack  on 
■  "McNeiirs  zeriba." 

At  7  a.m.  on  the  22nd  of  March,  1885,  a  formidable,  if  somewhat 
I  motley  array  marched  out  of  Suakin,  and  proceeded  across  the 
j  <le»ert  in  a  south-westerly  direction.  The  object  of  the  expedition 
i  was  to  form  an  advanced  post  or  depdt  on  the  road  to  Tamai,  on  • 
j  vfWftli  an  attack  was  meditated,  and  the  composition  of  the  force  was- 
j  as  follows: — 
.1     I  squadron  5th  Lancers. 

A  detachment  of  bluejackets  with  4  Gardiner  guns, 
i     The  17th  Field  Company,  R.E.,  with  a  section  of  the  telegraph 
i   troop. 

I     The  Berkshire  Regiment. 
','     A  battalion  Royal  Marines. 
•     1  company  Madras  Sappers. 
The  15th  Sikhs. 

The  17th  Bengal  Native  Infantry. 
The  28th  Bombay    „  „ 

Bat  besides  these  fighting  men,  there  was  an  immense  body  of 
non-combatants,  or  "followers,"  employed  in  looking  after  the  1,400 
transport  animals,  camels,  mules,  etc.,  laden  with  food,  water,  and 
ammunition,  and  also  a  number  of  water  carts.     Even  in  an  open 
1  country,    a    force   thus   hampered   could    hardly   be   expected   to 
"ianoeuvre  with  celerity,  but  when  crossing  a  plain  covered  with  a 
■  thick  scrub  of  thorny  bushes,  and  ^-ith  small  parties  of  the  enemy 
^ing  constantly  seen  by  the  cavalry  scouts,  it  can  readily  be  under- 
stood why  the  rate  of  advance  did  not  average  more  than  1^  miles  per 
!  "OUT.   So  at  10.30  a.m.  the  force  halted  at  a  clearing  named  Tofrik^ 
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mxd  proceeded  to  trace  out  and  constnict  three  zeribas  as  previousl; 
planned,  one  capable  of  containing  2,000  camels,  and  two  others  tl 
flank  it,  each  large  enough  to  hold  one  battalion,  the  cavalry  bein 
thrown  out  as  vedettes  i  nto  th  e  surrounding  bush.  The  southern  zerib 
was  told  off  to  the  Berkshire  Regiment,  and  the  other  to  the  Marina 
Each  was  furnished  with  two  Gardiner  guns,  and  the  large  cent) 
square  was  to  contain  the  stores.  The  position  which  the  troop 
occupied  at  2.30  p.m.  is  shown  in  the  dra^ving(P/a/«IV.),  the  India 
brigade  being  formed  up  in  three  sides  of  a  square,  acting  as 
covering  party.  The  bush  to  the  north  being  denser  than  that  or 
the  south,  two  companies  of  the  17th  Bengal  Native  Infantry  wefl 
marched  across  to  the  right  of  the  Bombay  Regiment,  to  proloi^ 
their  face  and  to  cover  the  parties  working  at  the  northern  zeribi 
The  transport  animals  were  led  into  the  central  square,  unloadd 
and  taken  out  again,  and  a  large  number  of  men  were  out  on  aS 
sides  cutting  and  drawing  in  bushes,  while  the  Indian  covering 
parties  stood  easy  in  line,  but  with  bayonets  fixed  and  ammunitioft 
loose  in  their  ball-bags.  The  space  behind  the  17th  Bengal  Nati^"* 
Infantry  was  filled  with  baggage  animals,  and  a  half -battalion  of  th« 
Berkshire  Regiment  were  having  their  dinner  to  the  cast  of  the 
zeribas,  and  about  250  yards  from  them. 

The  first  alarm  was  given  by  an  orderly,  who  reported  that  the 
enemy  was  advancing  rapidly  from  the  front,  and  Sir  John  McNeill 
had  barely  time  to  give  the  order  for  the  working  parties  to  be 
called  in  when  the  lancer  outposts  came  galloping  in,  mixed  up  with 
the  Arabs,  \vho,  to  the  number  of  5,000,  rushed  on  our  troops  in 
disorganized  masses.  The  two  companies  on  the  right  of  the  17th 
Bengal  Native  Infantry  were  thrown  into  confusion  by  the  cavalry 
riding  through  them,  and  the  remainder  of  the  regiment  broke  and 
made  for  the  zeriba.s,  after  firing  a  volley,  which  did  not  check  the 
onslaught  of  the  enemy  for  a  second.  To  make  the  dire  confusion 
worse,  the  Arabs  stampeded  all  the  transport  animals  and  drove 
them  also  on  to  the  central  and  southern  enclosures,  into  which  the 
savages  swarmed,  stabbing  and  cutting  everywhere.  The  bushes 
interlaced  with  wire,  contrary  to  expectation,  did  not  seem  to  stop 
them  for  a  moment,  and  on  the  south  side  matters  assumed  a  very 
critical  aspect.  The  brunt  of  the  fighting  naturally  fell  to  the 
occupants  of  the  Berkshire  zeriba,  into  which  the  enemy  poured  over 
the  fence  and  the  sandbag  parapet  at  the  south-west  angle.  The 
Gardiner  guns  jammed  and  could  not  be  got  into  action,  and  the  naval 
detachment  in  charge  of  them  were  nearly  all  killed  or  wounded, 
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[bat  the  right  half  battalion  of  the  Berkshire  Eegiment  and  the 

Madras  Sappers,  who  were  at  work  outside,  after  getting  to  their 

ki&9,  which  were  piled  inside  the  enclosure,  made  a  most  gallant 

reaistance,  and  112  Arabs  were  afterwards  found  dead  inside  the 

2eiiba.     The  official  account  mentions  that  two  soldiers  of  the  Berk- 

(abiie  Begiment  were  saved  from  certain  death  hy  the  magnificent 

|daring  of  Subadar  Goordit  Sing,  of  the  15th  Sikhs,  who,  placing  him- 

l«lf  between  the  pursuers  and  their  pre}*,  killed  three  Arabs  in  suc- 

jl^essiou  by  three  rapid  sword  cuts.     It  omits,  however,  to  narrate 

;|that  he  broke  his  sword  by  the  last  blow,  a  mishap  which  doubtless 

prevented  a  still  more  productive  display  from  being  recorded.     In 

the  meantime,  all  the  other  sides  were  enveloped  and  vigorously 

attacked,   especially  the   15th  Sikhs,    in   front  of   whose   position 

hundreds  of  dead  bodies  were  afterwards  counted  ;  but  at  no  point 

did  the  enemy  succeed  in  piercing  the  line,  so  that  after  a  few 

minutes  all  the  assailants  were  shot  down  or  dispersed.     The  left 

bdlf  battalion  of  the  Berkshire  Regiment,  who  were  thus  rudely  dis- 

tarbed  while  at  dinner  outside  the  zeribas,  formed  rallying  square 

Mid  repelled  two  successive  attacks  without  suffering  any  loss,  and 

Uling  over  200  Arabs.     The  first  shot  was  fired  at  10  minutes  to  3, 

iud  at   10   minutes  past  3  Sir  John  McNeill   gave  the  order  to 

**ce»»e  fire,"  and  in  that  short  time  1,500  Arabs  were  killed.     But 

il»e  victory   was  dearly   purchased,  10  officers,  72  British  and  61 

ludiati  soldiers  being  killed,   and  a   proportionally   large   number 

•founded.      But  the  carnage  amongst  the  wretched  followers   was 

terrible,  33  being  killed  and  19  wounded,  while  no  less  than  124 

%ure  under  the  ominous  heading  of  "  missing."     These  were  men 

«\io  attempted  to  escape  into  Suakin,  but  were  pursued  and  killed 

•ithout  resistance.     Jt  is  also  possible  that  the  British  troops,  un- 

KcvL&tomed   to   fine  distinctions  between  the  natives  of  India  and 

those    of     Africa,    occasionally    mistook    panic-stricken    fugitives 

approaching  the  zeriba  for  Arabs   advancing  with  hostile  intent. 

However,  this  lamentable  slaughter  of  defenceless  men  forms  to  this 

^^y'l  iu  the  Indian  bazaars,  a  never-failing  topic  of  conversation 

amongst  the  classes  from  which  dooley-bearers,  camel-drivers,  and 

\  the  like  are  enlisted.     Even  the  unfortunate  baggage  animals  fared 

I   no  better  than  their  owners,  no  fewer  than  501  camels  being  reported 

?  as  dead  or  missing. 

TONGKING. 

The  French  operations  in  Tongking  and  Annam,  extending  from 
1882  to  1886,  afforded  many  incidents  worthy  of  consideration. 

I 
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The  French,  on  the  one  hand,  though  deficient  in  cavaln%  and  still 
more  so  in  engineers,  were  thoroughly  equipped  with  modern  arms  and 
appliances,  while  the  Chinese,  though  meriting  the  epithet  "  savage  " 
by  their  behaviour  to  wounded  and  prisoners,  whom  they  invariably 
decapitated,  often  showed  themselves  sufficiently  enlightened  in  the 
ait  of  war.  They  exhibited  all  the  skill  in  throwing  up  earthworks, 
for  which  they  have  been  famous  for  centuries,  nor  did  they  allow 
the  merits  of  the  bamboo,  as  a  war  material,  to  pass  without  recog- 
nition. Besides  the  more  ordinary  rdle  of  spikes,  fraises,  palisades, 
and  chevaux  de  frise,  the  bamboo  was  frequently  called  upon  to  play 
the  more  ambitious  part  of  spar  bridge,  scaling  ladder,  and  oven 
field  observatory.  Strong  works  were  numerous  in  the  country, 
some  with  masonry  escarp  walls,  others  constructed  of  mud  bricks, 
carefully  trimmed,  and  built  up  like  masonry,  bound  together  inside 
by  spikes  of  bamboo,  the  slopes  being  revetted  with  mats  made  of 
split  bamboo.  The  coast  defences  were  often  very  formidable, 
mounting  heavy  guns,  and  defending  channels  strewn  with  submarine 
mines ;  and  where  it  was  deemed  advisable  to  close  a  passage  that 
might  prove  advantageous  to  the  advance  of  the  enemy,  junks  full  of 
stones  were  promptly  sunk  in  it.  The  Celestials  were  doubtless  much 
indebted  to  European  officers  for  the  excellence  of  their  works,  those 
of  Foochow,  for  example,  having  been  built  by  a  French  Engineer. 

The  attack  upon  the  arsenal  of  this  place  by  the  French  fleet  is 
worthy  of  special  mention.  The  town  itself,  which  was  of  great  im- 
portance as  containing  an  arsenal  and  dockyard,  was  situated  on  the 
river  Min,  about  35  miles  from  its  mouth,  the  navigation  being 
somewhat  difficult  owing  to  shifting  sandbanks  and  intricate 
channels.  The  defence  of  the  river  consisted  of  several  groups  of 
works,  well  placed  to  defend  the  channel,  some  being  old  batteries 
armed  with  antiquated  weapons,  others  of  modern  type  with  large 
Krupp  guns,  some  casemated  and  others  open.  Besides  these,  11 
powerfully-armed  gunboats  of  the  Chinese  fleet  were  anchored  close 
to  the  arsenal.  Nothing  could  have  been  more  interesting  and 
instructive  to  posterity  than  an  attempt  made  by  the  French  fleet  to 
force  its  way  up  to  Foochow  in  the  face  of  this  defence.  The  ques- 
tion of  "  Ships  ver,ms  Forts  "  would  have  been  supplied  with  statis- 
tics which  at  present  it  sorely  lacks.  But  Admiral  Courbet,  who 
commanded  the  strong  French  squadron,  by  a  so-called  ruse  de gxune^ 
the  probity  of  which  is  open  to  question,  reduced  the  intricate  pro- 
blem to  an  assault,  unscientific  and  one-sided.  Trusting  to  the 
existing  treaty  of  peace,  he  succeeded  in  arriving  at  the  Pagoda 
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aDchorage  without  molestation,  and  then  declaring  hostilities,  he 
fiiBt  destroyed  the  Chinese  ships,  and  afterwards  the  river  works  in 
detail,  attacking  them  from  above  as  he  fell  down  with  the  stream, 
ind  as  most  of  the  shore  guns  had  not  been  mounted  so  that  they 
could  fire  up  the  river,  there  was  little  or  no  defence. 

This  tale  contains  a  useful  lesson  for  those  whose  duty  it  is  to 
design  our  coast  batteries. 

The  Siege  of  Tuyenkwang. 

Here  is  presented  to  us  the  phenomenon,  absolutely  unique,  of  a 
European  force,  hemmed  in  by  a  horde  of  savages,  who  had  recourse 
to  the  most  elaborate  siege  operations,  and  actually  succeeded  at 
getting  into  the  work  thereby  (Plate  V.).  The  citadel  of  Tuyenkwang 
is  a  square  of  300  metres  side,  bounded  on  the  east  side  by  the  river 
Clear,  and  commanded  by  high  ground,  within  short  range,  on  the 
other  three.  It  was  surrounded  b}'  an  earthen  parapet,  supported 
by  an  exposed  escarp  wall  of  masonry,  about  1 1  feet  high,  while  in 
front  was  a  bamboo  palisade  standing  in  the  open.  The  garrison  of 
600  men,  under  Commandant  Domini,  possessed  two  field,  two 
mountain,  and  two  Hotchkiss  Q.F.  guns,  the  gunboat  Mitraillmsey 
with  one  heavy  and  one  Q.F.  gun,  and  a  crew  of  25  men,  being 
uichored  opposite  the  East  Gate. 

A  state  of  siege  was  declared  on  the  24th  November,  1884,  and 
the  garrison  was  beleaguered  till  the  3rd  March,  1885,  when  they 
vera  relieved  by  a  large  force  from  Hanoi.  The  besieging  force, 
which  was  said  to  number  20,000  men,  made  up  partly  by  Chinese 
regulars  and  partly  by  Tongkingese  irregulars  or  "Black  Flags," 
seem  to  have  closely  invested  the  place  about  the  middle  of  Decem- 
ber, and  after  a  month  of  desultory  attacks  on  the  French  outworks, 
a  parallel  was  opened,  on  the  night  of  the  21st  January,  behind  a 
belt  of  trees.  Large  working  parties  were  employed,  branches  of 
trees,  fascines  and  bundles  of  straw  being  freely  used,  and  the 
advance  pushed  on,  partly  by  trenchwork  and  partly  by  sap,  under 
cover  of  a  heavy  fire  from  guns  of  position  and  mortars,  until,  on 
the  1st  February,  the  Chinese  were  only  250  metres  away  from  the 
south  wall,  while  next  night  a  parallel  was  established  on  the  rising 
ground  only  from  50  to  100  metres  from  the  west  face ;  and  on  the 
night  of  the  6th  the  assailants  tunnelled  under  the  bamboo  palisade 
in  front  of  the  wall,  and  actually  succeeded  in  placing  a  wooden 
Toof,  or  shelter,  against  the  escarp.  This,  however,  when  the  moon 
rose,  was  detected,  and  pulled  away  with  a  long  hook  by  a  sapper 
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sergeant^  who  seems  to  have  been  tho  leading  spirit  in  the  defence, 
until  he  received  a  wound,  which  proved  fataJ  on  the  ISthFebniary. 
The  rapid  advance  of  the  Chinese  trenches  seems  to  have  been  due 
to  the  fact  that,  owing  tc  the  want  of  an  electric  search  light,  the 
defenders  could  not  interfere  much  with  their  construction  at  night 
When  the  attack  approached  the  foot  of  the  wall,  small  fascines, 
soaked  in  spirits  and  set  on  fire,  were  thrown  down  to  illuminate  the 
scene  of  action,  and  each  sentry  on  the  wall  wa?  provided  with  a 
movable  machicoulis,  which  could  be  placed  on  the  south  wall  to 
afford  cover  over  any  point  where  an  attempt  might  be  made  to 
work.  On  the  8th  February  it  became  evident,  from  the  heaps  of 
fresh  earth  which  were  observed  to  be  accumulating  at  the  end  of 
each  trench,  that  mining  was  being  attempted,  so  counter-mining 
was  started  by  the  garrison  to  neutralize  it,  and  detailed  orders 
issued  for  the  distribution  of  the  garrison,  and  the  crowning  and 
retrenchment  of  the  breach  in  the  event  of  the  escarp  being  blown 
in.  This  actually  was  accomplished  on  the  morning  of  the  12th, 
and  was  followed  by  an  attack  on  the  breach,  which,  however,  was 
easily  repulsed.  Several  other  breaches  were  made  before  the  place 
was  relieved  on  the  3rd  March,  and  in  all  seven  assaults  were  de- 
livered, in  two  of  which  the  Chinese  succeeded  in  penetrating  the 
citadel  before  they  wf^re  repulsed. 

Great  credit  must  be  given  to  the  garrison  for  their  admirable 
defence.  They  had  held  out  for  18  days  aft^r  the  opening  of  the 
first  breach,  and  had  inflicted  great  loss  en  the  enemy.  Working 
parties  of  infantry,  under  the  direction  of  a  sergeant  of  Engineers 
and  seven  sappers,  were  employed  continuously  day  and  night,  their 
numbers  being  only  limited  by  the  supply  of  tools.  Tents  were 
torn  up  and  converted  into  sandbags,  and  extensive  works  of  re- 
trenchment and  defilade  alone  rendered  the  position  tenable.  But 
little  damage  seems  to  have  been  done  to  the  walls  by  the  Chinese 
artillery,  but  that  may  be  accounted  for  by  their  indifierent  shoot- 
ing, and  by  the  proximity  of  their  guns  to  the  ramparts,  which 
enabled  the  French  marksmen  to  shoot  down  the  gunners  through 
the  embrasures  as  long  as  daylight  permitted. 

It  must  be  noted  that  the  Chinese  were  either  ignorant  or  di*;- 
dainful  of  the  text-book  dictum  that  it  is  impossible  for  saps  to 
advance  in  the  face  of  the  fire  of  Q.F.  gims,  and,  as  a  matter  of  fact, 
the  reverse  was  proved.  The  Celestials,  contrary  to  the  custom  of 
most  savages  in  like  cases,  used  to  prelude  their  night  assaults  by 
much  shouting  and  the  sounding  of  hoins  and  trumpets,  a  practice 
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which,  though  doubtless  inspiriting,  is  not  to  be  commended,  as 
proving  an  excellent  advertisement  of  the  intentions,  as  well  as  a 
bir  indication  of  the  numbers  and  position,  of  the  attacking  party. 

The  French  in  Algeria. 

From  1830,  the  date  of  the  capture  of  Algeria  by  the  French,  up 
to  almost  the  present  day,  desultory  fighting  has  been  going  on 
lietweeu  them  and  the  Arab  tribes  around,  and  though,  of  coiurse, 
ihe  discipline  of  civilization  generally  prevailed  there  were  occasions 
when  the  French  suffered  disaster.  Great  barbarity  seems  to  have 
been  displayed  by  the  Arabs,  and  the  French  sometimes  showed  them- 
selves not  very  far  behind  in  retaliation.  Once  live  hundred  Arabs, 
shut  up  in  a  cave,  were  burnt  alive,  and  often  in  the  excitement  of 
hand-to-hand  fighting,  nice  discrimination  between  men,  women  and 
ehildren  appears  not  to  have  been  observed.  England  was  at  one 
time  very  jealous  of  France's  success  in  colonization,  and  so  one  is 
not  surprised  when  French  writers  gravely  chronicle  mysterious 
^stance  afforded  by  us,  even  when  all  communication  with  the 
outer  world  was  impossible. 

The  various  campaigns  are  well  worth  studying  by  officers  going 
to  India.      Flying  columns  of   varying  strength  were  perpetually 
Udng  launched  against  native  strongholds   with  the  usual  accom- 
paniments of  loss  from  climate  and  want  of   water.     The  roads 
being  bad,  carts  had  to  be  given  up  for  pack  animals,  while  the 
order  of  march  was  always  as  follows : — In  front  the  advanced 
columu  ot  fighting  men  solely,  closely  followed  by  the  main  body, 
with  baggage  animals,  ammunition,  ambulance  and  stores  ;  these,  of 
com-se,  regulating  the  pace  of  the  advance.    A  small  detachment  of 
'r     sappers  accompany  the   leading  column,  to  clear  the  way,  their 
Vh)1s  being  carried  on  two  or  three  mules,  the  remainder  of  the 
sappers  and  tools  being  with  the  main  body.    When  working  parties 
j      oi  infantry  are   employed,  the  same  men  are  always  chosen,  and 
their  packs  carried  on  mules,  the  relief  thus  afforded  always  making 
I      this  service  very  popular. 

I  The  following  system  of  clearing  the  road  is  laid  down  : — An 

I  Engineer  officer  marches  at  the  head  of  the  column,  accompanied  by 
tvo  men,  one  carrying  charges  of  dynamite,  and  10  pieces  of 
Bickford's  fuze,  half  a  yard  long,  attached  to  detonators,  and  ready 
to  fire ;  the  other  man  the  means  of  lighting  the  fuze  (a  box  of 
fuzees  iis  best),  and  some  clay  for  covering  the  charge.  In  front  and 
ODbotb  flanks  march  three  other  men  at  a  certain  fixed  distance 
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from  the  officer,  their  duty  being  to  halt  when  he  does,  and  to 
prevent  anyone  approaching  him  within  the  dangerous  zone. 
Behind,  at*  a  safe  distance,  comes  a  small  working  party  under  a 
sergeant. 

If  an  impediment  be  encountered  which  can  be  removed  without 
the  use  of  explosives,  it  is  pointed  out  to  the  sergeant,  who  detaches 
some  of  his  men  to  attend  to  it^  and  the  march  is  not  interrupted. 
If,  however,  it  is  necessary  to  use  dynamite,  the  charge  is  placed, 
fixed  and  covered  with  clay.  The  officer  sees  that  the  men  in  front, 
rear,  and  both  flanks,  have  kept  the  coast  clear,  fires  the  charges,  and 
runs  with  his  two  assistants  towards  the  front.  The  firing  opera- 
tion takes  three  minutes  from  the  moment  of  arrival,  and  the 
clearing  away  of  the  cUbris  by  the  sergeant  and  his  detachment  is 
generally  effected  sufficiently  quickly  to  allow  of  the  march  being 
continued  after  a  halt  of  less  than  a  quarter  of  an  hour. 

The  extreme  rapidity  and  suddenness  with  which  floods  present 
themselves  in  tropical  climates  may  be  impressed  on  the  mind  by 
the  following  narrative: — In  April,  1892,  a  detachment  encamped 
for  the  night  in  a  dry  watercourse  on  the  road  between  Tuggerth 
and  Biskra.  A  violent  storm,  35  miles  away,  filled  up  the  basin 
which  supplied  the  river,  and  caused  such  a  flood  during  the  night 
that  the  men,  roused  from  sleep,  had  barely  time  to  jump  on  the 
mules  and  escape,  leaving  everything  behind.  After  36  hours  the 
flood  went  down  as  quickly  as  it  rose,  but  vehicles,  equipment  and 
stores  had  to  be  dug  out  of  a  layer  of  mud  and  cUbris  5  feet  deep. 

Excellent  orders  have  been  formulated  with  reference  to  the 
fording  of  rivers,  and  the  following  may  be  deemed  worthy  of 
notice : — 

When  reconnoitring  do  not  conclude,  when  a  path  runs  down 
to  a  river,  that  there  must  be  a  ford  there.  If  you  do  not  see  a 
corresponding  path  on  the  opposite  bank,  you  will  know  that  the 
approach  is  simply  used  by  the  natives  for  watering  their  cattle. 

Gut  away  the  banks  and  form  ramps  on  both  sides,  making  the 
roadway  where  the  river  is  entered  of  extra  width,  to  allow  of 
space,  in  case  of  mules  refusing  and  loads  being  thrown  off.  On 
the  other  side  tell  off  two  men  at  least  whose  duty  will  be  to  keep 
throwing  sand  or  gravel  on  the  ramp.  Without  this  precaution  the 
ground  will  quickly  become  a  quagmire  from  the  water  dripping  off 
man  and  beast,  and  locomotion  may  be  impeded. 

When  crossing,  the  section  must  not  follow  one  another  so  closely 
as  to  bank  up  the  water,  though,  of  course,  each  man  will  hold  on 
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to  those  alongside  him  for  mutual  stability.     Especial  care  should  be 
taken  in  getting  the  hospital  arrangements  across. 

At  night  light  a  big  fire  on  each  bank  to  mark  the  ford.  The 
men  should  be  warned  not  to  look  at  the  water,  as  the  practice 
produces  giddiness. 

An  illustration  is  given  of  a  rapid  system  of  filtering  by  means 
of  a  blanket  fastened  to  three  pickets,  while  a  stone  thrown  into  it 
causes  it  to  act  as  a  funnel  (Plate  VI.  Fig.  4).  The  corners  of  the 
blankets  are  tied  round  pebbles,  which  prevent  them  from  slipping. 
The  ^nllages,  like  some  in  Afghanistan,  are  surrounded  by 
gardens,  stone  walls  and  irrigation  channels,  are  very  formidable, 
and  not  only  defied  direct  and  fiank  attacks,  but  occasionally 
Qccessitated  a  regular  siege.  A  detailed  account  of  the  attack  of 
Zaatcha,  in  1849,  is  given  in  Brackenbury's  Handbook  of  Field  Woi'ks, 
After  frequent  attacks  by  the  French  on  the  walls  and  ditches  of 
the  village  had  been  repidsed,  recourse  was  had  to  the  most  classi  a 
procedures  of  siege  warfare,  sapping,  passage  of  the  ditch,  and 
breaching  by  mining  being  replied  to  by  destroying  the  head  of  the 
sap,  flooding  the  ditches,  and  the  retrenchment  of  the  breach.  After 
52  days  the  place  was  taken,  but  not  till  great  loss  had  been 
sustained  by  the  French,  who  had  1 0,000  men  on  the  spot.  Over 
3,0001b.  of  gunpowder  was  expended  in  demolitions. 

The  Arabs,  more  audacious  and  agile  than  their  opponents, 
though  they  occasionally  tried  open  attacks,  generally  dealt  in 
surprises,  and  especially  excelled  in  burning  in  doors,  and  smoking 
out  the  defenders. 

The  capture  of  the  caravanserai  of  La  Kahouia,  in  1864,  amply 
demonstrates  the  necessity  for  preserving  intact  one's  fiank  defence 
(Plate  VI.  Fig,  5).  The  bastions  of  the  southern  face,  through  which 
the  main  entrance  passed,  had  some  years  before  shown  signs  of 
weakness,  owing  to  the  growth  of  interior  buildings  placed  against 
them.  Buttresses  (c.c  in  Fig,)  were  built  in  such  a  way  as  to 
screen  the  face  of  the  bastions  from  the  fire  of  the  fianks.  After  a 
fierce  struggle  the  assailant  succeeded  in  piercing  the  walls  at  these 
undefended  points,  and  the  defenders  were  forced  to  retire  into  the 
bastion  of  the  opposite  face.  When  they  got  there,  however,  they 
fomid  that  the  Arabs  had  taken  advantage  of  their  absence  from 
these  bastions,  during  the  attack  on  the  others,  to  block  up  the  loop- 
holes with  logs,  and  to  set  fire  to  stacks  of  straw  round  them.  So, 
blinded  by  smoke  and  exhausted  by  fighting  for  12  hours  on  end,  the 
unfortunate  Frenchmen  were  obliged  to  succumb  to  superior  numbers. 
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In  conclusion,  may  I  point  out  the  drawing  of  a  fougasse  (Plate 
VI.,  Fig.  6),  consisting  of  a  trench  of  simple  triangular  section, 
with  charges  of  dynamite  (300gr.)  laid  at  2-m^tre  intervale  along 
the  bottom.  This  was  tried  with  success  at  Montpellier,  and  recom- 
mended for  use  against  the  Arabs. 

BURMAH,    1885,   AND  FOR  SEVERAL  SUCCESSIVE   YEARS. 

When  the  expeditionary  force  under  General,  now  Sir    Harry, 
Prendergast,  V.C ,  K.C.B.,  R.R,  steamed  up  the  Irrawadd}'  to  take 
Mandalay,  considerable  opposition  was  encountered  at  Min   Gyan> 
about  80  miles  below  Mandalay.     There  the  enemy  had  taken  up 
a  strong  position  on  the  bank  commanding  the  river,  and  entrenched 
themselves  strongly.      Rifle  pits  and  sunken  batteries  had  been 
made,  the  latter  armed  v.rith  smooth-bore  guns,  and  one  Whitworth 
field  piece,  firing  through  long  embrasures,  which  were  directed  on 
the  channels  through  which  the  steamers  had  to  approach.     Perfect 
invisibility  was  obtained  by  design,  and  great  care  was  taken  that 
no  sign  of   work  should  be  left,  the  earth  being  carried  away  in 
baskets  and  thrown  into  the  river.     The  accompanying  drawings 
are  taken  from  a  paper  by  Major  Fullerton,  R.E.,  which  appeared 
in  the  KE,  Journal  (Plate  VI.,  Fig.  3).  These  M-orks  were  bombarded 
for  hours  by  40-pr,  guns  and  6  2 -inch  howitzers,  but  the  effect  on  the 
works  was  ntZ,  and  nobody  appears  to  have  been  killed.     The  moral 
effect,  however,  exceeded  all  expectations,  as  the  Burmese  evacuated 
the  place,  while  the  sound  of  the  firing,  which  was  heard  at  Mandalay, 
40  miles  oflf,  is  said  to  have  frightened  King  Theebaw  into  surrender- 
ing, which  he  did  next  day,  without  firing  a  shot. 

The  desultory  fighting  which  succeeded  the  capture  of  Mandalay 
has  furnished  many  opportunities  for  the  display  of  individual 
self-reliance  and  resource.  In  a  war  where  long  marches  through 
thick  jungle  are  necessary,  where  the  isolation  of  small  bodies  of 
troops  is  more  the  rule  than  the  exception,  and  where  the  inhabitants 
of  the  country  alternately  pose  as  friendly  villagers  and  blood- 
thirsty dacoits,  skilful  in  ambuscade,  lessons  in  strategy  and  tactics 
are  readily  learnt  by  officers  even  of  the  most  junior  standing. 

As  most  of  the  attacks  made  by  the  Burmese  on  oiu*  posts 
took  place  during  their  construction,  it  was  imperative  that  the 
defences  should  be  of  a  simple  natiu*e,  and  take  as  little  time  in  comple- 
tion as  possible.  The  drawing  shows  a  fort  of  a  type  much  used,  as  re- 
quiring few  night  sentries  (Plate  VIL).  It  is  described  by  Colonel 
A.  Dorward,  R.K,  in  a  Corps  Occasional  Paper,     As  a  protection 
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against  fire,  and  as  a  sanitary  necessity,  the  buildings  were  always 
placed  far  apart,  the  result  being  that  the  length  of  the  parapet 
was  ont  of  all  proportion  to  the  garrison,  which  generally  varied 
from  50  to  500  rifles.  It  will  be  observed  that  the  fire  from  the 
block-houses  sweeps  not  only  the  ground  outside  and  within  the 
parapet,  but  also  the  whole  of  the  ditch  as  well,  while  the  idea 
of  placing  lamps  at  the  distant  angles  seems  eminently  praiseworthy. 
The  materials  used  for  the  construction  of  these  posts  were  earth, 
bamboos,  jungle  wood,  giant  grass,  and  thorns  of  great  ferocity. 
The  commonest  thoi  ns  in  Burmah  are  sharply  curved,  and  resemble 
the  *'  Wait  a  bit "  of  Africa.  They  form  the  common  defence  of 
almost  every  village  in  Upper  Burmah,  and  are  particularly 
obnoxious  to  the  dacoits,  whose  flowing  garments  and  loose  slippers 
tre  sure  to  get  inextricably  hooked  up  in  them. 

A  section  of  a  stockade  is  shown  (Plate  VIIL,  Fig.  1 ),  made  of  earth, 
bamboos  and  thorns,  there  being  no  revetments  whatever,  a  desidera- 
tum in  a  country  where  the  rain  is  so  heavy  as  to  wash  earth  through 
hurdles  made  of  split  bamboo.  It  was  at  first  thought  that  the  thorns 
behind  the  parapet  would  catch  fire  from  the  flashes  of  the  rifles  of 
the  defenders,  but  they  never  did,  though  they  burnt  readily  when 
set  fire  to  and  dry.  The  bamboo  spikes,  which  are  about  9  inches 
or  1  foot  long,  are  placed  about  6  inches  apart,  with  half  their 
length  stuck  in  the  ground.  When  sharply  pointed  and  charred 
their  existence  cannot  be  ignored  even  by  the  wearer  of  the  sturdy 
ammunition  boots,  and  they  would,  indeed,  be  most  useful  in  any 
campaign,  as  they  can  easily  be  carried  in  bundles,  and  while 
formidable  to  men  are  destruction  to  horses.  A  few  strands  of 
{  barbed  wire  in  the  upper  part  of  the  bamboo  stockade  greatly 
increases  its  value  as  an  obstacle. 

Fascines,  about  18  feet  long  and  10  inches  in  diameter,  were  con- 
structed with  river  grass  and  mud  (Plate  VIIL,  Fig.  2).  They  were 
most  useful  for  permanent  revetments,  and  when  properly  made 
were  so  hard  and  tough  that  it  was  difficult  to  drive  a  picket  into 
them.  The  grass  would  grow  into  the  parapet  if  watered,  even 
when  the  latter  consisted  of  pure  sand,  and  in  a  short  time  the 
faacine  or  roller  would  be  firmly  knit  into  it. 

An  excellent  spiked  palisade  of  bamboos  was  made  of  stout 
uprights  with  horizontal  pieces  lashed  between  (Plate  VI.,  Fig.  2). 
Between  these,  spikes  were  forced  into  the  required  position,  as 
shown.  It  will  be  seen  that  it  was  impossible  to  get  at  the  uprights 
till  the  projecting  spikes  had  been  cut  away. 
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As  an  example  of  what  junior  officers  were  occasionally  called 
upon  to  do,  I  will  now  refer  to  the  attack  made  on  the  fortifii*d  post 
of  Sadon  in  February,  1892.  as  described  by  Lieut.  MacMimn,  R.A., 
now  D.S.O.,  in  the  R.A.  Institution  papers. 

Sadon  was  a  village  of  the  Kachins,  situated  about  100  miles 
north  of  Bhamo,  our  most  advanced  military  post  up  the  Irrawaddy, 
and  only  12  miles  from  the  Chinese  frontier.  It  was  4,500  feet 
above  sea  level,  and  had  been  taken  early  in  1892  by  a  strong 
column,  which,  however,  marched  out  of  it  on  the  5th  to  raid  some 
distant  villages,  leaving  behind  a  small  force  under  Lieutenant 
Harrison,  R.E.,  now  D.S.O.  It  consisted  of  7  invalid  Europeans, 
20  Goorkhas,  of  whom  12  were  invalids,  48  Biu-mah  Sappei*s,  50 
men  of  the  3rd  Burmah  Regiment,  and  50  Madras  Infantry,  under 
Lieutenant  Perry,  and  the  orders  were  to  work  hard  at  completing 
the  fortification  of  a  post  which  had  been  commenced  on  a  hill 
600  feet  above  the  village.  It  consisted  of  a  stockade  of  young 
saplings  about  6  inche.«  diameter,  with  bamboo  spikes,  and  a  small 
ditch,  but  on  the  5th  it  was  in  a  very  unfinished  state,  the  jungle 
having  been  cleared  away  for  only  about  80  yards  round  the  fort. 

On  the  6th  of  February  Lieutenant  Harrison  received  visits  of 
ceremony  from  the  headmen  of  the  surrounding  villages,  and  com- 
pliments were  exchanged ;  but  during  the  evening  crowds  of  men 
were  seen  pouring  into  Sadon,  and  the  garrison  were  ordered  into 
the  post,  which  was  duly  attacked  next  day  by  700  or  800  Kachins 
armed  with  matchlocks,  Tower  muskets,  and  a  few  rifles,  three  men 
being  wounded.  The  place  was  regularly  surrounded,  and  a  heavy 
and  continuous  fire  was  kept  up  day  and  night  from  the  surrounding 
jungle. 

The  weak  spot  in  the  defence  was  the  want  of  water,  which  had 
to  be  carried  from  two  springs,  one  250  yards  distant  and  the  other 
400  yards.  The  site  seems  not  to  have  been  above  reproach,  in 
that  the  inside  of  the  work  rose  above  the  level  of  the  terreplein  of 
the  stockade,  and  was  swept  by  the  enemy's  bullets.  Ration  bags 
were  filled  with  sand,  impromptu  gabions  made,  precautions  taken 
against  fire,  and  the  flanking  tambours  strengthened  with  kit  bags,  etc. 

When  it  was  necessary  to  sally  out  to  obtain  water,  it  was  found 
that  the  enemy  had  stockaded  themselves  in  the  vicinity  of  the 
wells.  In  front  of  the  stockades  they  had  placed  cJievaux  de  ftiseSj 
and  had  actually  manufactured  gabions  and  fascines  of  great 
excellence  and  neatness. 

On  the  9th,  no  less  than  10  stockades  had  to  be  captured  and 
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destroyed ;   but  in  the  evening,  to  the  surprise  of  all,  a  welcome 

reinforcement  appeared  in  the  shape  of  Lieutenant  MacMunn,  RA., 

with  1  native  officer  and  12  men  of  the  Goorkha  Mounted  Infantry, 

who  had  been  sent  up  from  down  country  with  a  convoy  of  rum, 

under  the  impression  that  all  was  in  a  state  of  profound  peace. 

They  had  been  fighting  all  day,  but  managed  to  get  through  with 

die  loss  of  Lieutenant  MacMunn,  the  native  officer,  and  two  men 

wounded,  all  the  kits  and  most  of  the  rum  having  disappeared  en 

mUe,     The  enemy  kept  up  their  fire  all  through  the  night  of  the 

10th,  and  in  the  early  morning  tried  to  rush  the  north-east  gate, 

actually  getting  so  close  as  to  pull  out  some  of  the  bamboo  spikes. 

A  successful  sortie  was  made  on  the  12th  for  water,  enough  for 

four  days  being  brought  in  and  stored  in  tanks  made  by  digging 

holes  in  the  ground  and  laying  waterproof  sheets  in  them.     As  all 

die  hand  grenades  were  now  exhausted,  bombs  were  made  out  of 

empty  jam  and  marmalade  tins,  with  a  guncotton  primer  inside, 

packed   with  sand  and  stones,  with  6  inches  of   Bickiord's  fuze 

attached.     The  investment  was  maintained,  and  attacks  made  daily. 

Arrows  with  coils  of  sulphur  round  them  were  shot  into  the  work, 

to  set  the  roofs  on  fire.     On  the  other  hand.  Lieutenant  MacMunn 

constructed  a  gun  of  bamboo.     It  was  of  3-inch  calibre,  2  feet  long, 

bound  round  at  muzzle  and  breach  with  wire,  covered  with  splints 

of  wood,  and  the  whole  fastened  together  with  cord.     This  fired  a 

shell  6  inches  long,  also  made  of  bamboo,  and  is  said  by  its  author 

"to  have  impressed  the  Kachins,"  who,  however,  nothing  daunted, 

started  a  sap  at  a  distance  of  180  yards,  and  also  bombarded  the 

post  with  a  jingal  (or  sort  of  wall  piece),  which,  however,  produced 

but  little  effect.     This  was  the   loss   surprising,  as  the   Kachins, 

relying  on  the  effect  of  sound,  chiefly  fired  it  with  blank  cartridge. 

In  one  of  the  sorties  one  of  the  garrison  by  accident  trod  on  a 

pangi,  or  bamboo  spike,  which  went  through  the  sole  of  his  boot  and 

foot  and  came  out  at  the  top. 

On  the  20th  the  main  column  returned,  and  caused  the  siege  to 
be  raised  ;  but  as  the  place  had  held  out,  under  three  young 
subalterns,  against  continuous  attack  for  14  days  and  nights,  and 
had  suffered  a  loss  of  6  men  killed  and  27  wounded  (including  1 
English  and  2  native  officers),  you  will  agree  with  me  in  considering 
the  performance  well  worthy  of  record. 

Stanley's  ExPKDmoN  in  Central  Africa,  1887-89. 
fhe  following  description  of  obstacles  encountered  was  given  by 
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the  late  Lieut.  Stairs,  R.K,  in  the  R,E.  Journal,  and  may   be 
interest  in  showing  the  diabolical  skill  of  the  forest  natives   ai 
dwarfs  in  constructing  them,  the  cunning  way  in  which  they  vrei 
concealed,  the  deadly  poison  used  in  connection  with  them,  and  th 
patience  and  care  employed  in  perfecting  them  (Plate  IX.). 

Fig,  1. — Poisoned  stakes  sharpened  to  the  fineness  of  a  needl< 
and  charred  in  a  slow  fire,  sunk  in  a  small  pit  dug  on  the  path  alon 
which  the  enemy  is  expected  to  arrive.  Leaves  and  sticks  ar 
placed  over  the  holes  to  hide  the  stakes. 

Fig,  2. — Short  poisoned  stakes  placed  on  the  top  of  a  log  lyiQi 
in  the  track,  and  longer  ones  in  the  ground  beyond  it.  Th 
commonest  way  of  getting  over  an  obstacle  of  this  sort  is  to  pltu> 
one  hand  on  the  top  and  vault  over.  The  spikes  are  thus  calculate< 
to  pierce  both  hand  and  feet. 

Fig,  3. — Long  poisoned  stakes  driven  into  the  ground  at  ai 
angle  of  about  30,  and  hidden  in  long  grass.  The  idea  is  that  thi 
point  should  enter  the  stomach  of  anyone  who  approaches  hastily, 
and  then  snap  off. 

Fig,  4. — Stakes,  which  have  been  discoloured  by  smoke  to  rendei 
them  less  visible,  placed  in  the  bed  of  a  stream,  and  likely  to 
penetrate  the  legs  of  anyone  who  tries  to  cross. 

To  guard  against  these  ferocious  obstacles,  men  skilled  in  wood- 
craft, and  understanding  the  subtleties  of  the  natives,  should  be 
sent  on  ahead  of  the  advanced  guard,  well  provided  with  sandals,  and 
with  their  legs  bound  up  as  high  as  their  knees  with  strips  of  bullock 
hide. 

In  conclusion,  it  is  hoped  that  the  few  points  which  we  have  now 
considered  may  induce  some  young  officers  to  take  up  for  themselves 
the  study  of  o\ir  minor  campaigns,  which  cannot  fail  to  be  bothj 
interesting  and  profitable.  Our  small  wars  follow  one  another  with 
great  rapidity,  and  incidents  in  them  are  quickly  forgotten,  but  if  j 
anything  that  I  have  said  will  induce  any  of  you  to  unearth  and  j 
investigate  some  of  our  half -buried  military  histories,  then  thej 
object  of  this  lecture  will  have  been  accomplished.  j 
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PAPER     VII. 


FHE  DESIGN  OF  SOLDIERS* 
BARRACKS. 

By  Major  Scott-Moncrieff,  R.E.,  a.i.c.e. 


Iaxitary  science  has  of  recent  years  made  many  notable  changes 
the  design  of  houses  for  all  classes  of  the  community.  In  towns 
fhe  tendency  is,  wherever  possible,  to  build  in  rows  of  villas,  either 
leparate  or  semi-detached ;  in  crowded  streets,  where  such  indepen- 
dence is  not  possible,  recent  legislation  has  decided  what  shall  be 
|ie  limits  of  interference  with  light  which  the  mass  or  bulk  of  one 
jkuilding  shall  present  to  the  windows  of  another. 
I  The  tendency  is  in  the  direction  of  more  room,  more  sunlight, 
more  attention  to  proper  provisions  of  fresh  air,  good  water  supply, 
adequate  sewerage.  Not  that  disgraceful  slums  have  yet  been 
abolished  fi-om  our  cities.  Vested  interests  are,  unfortunately,  still 
too  strong,  and  the  problem  is  intensely  complex.     The  tendency, 

however,  of  modern  legislation  is  in  the  direction  of  improvement, 

thanks  to  increased  knowledge  of  sanitation. 
This  increased  knowledge  has  had  its  effect  in  the  design  of  recent 

barracks,  aud  the  improvement  of  those  barracks  which  were  built 

in  days  when  ignorance  prevailed  alike  in  military  and  civil  life. 
In  military  life  we  are,   fortunately,   free  from  the  incubus  of 

passive  ohstruction  which  greed  or   love  of  gain  presents  to  the 
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sanitary  reformer  in  many  cases  in  civil  life.  We  have,  on  the  a 
trary,  the  assistance  which  public  opinion  in  the  service  or 
Parliament  always  gives  to  any  scheme  or  sensible  suggestion 
improving  the  condition  of  the  soldier,  and  we  engineers  invaml 
have  with  us  the  strongest  support  alike  from  the  medical  authoril 
and  from  generals  in  command. 
The  chief  difficulty,  as  a  rule,  is 

'*  That  eternal  lack  of  pence, 
Which  vexes  public  men." 

But  even  in  that  respect  there  is  generally,  on  the  part  of  I 
financial  authorities,  more  readily  a  disposition  to  be  generous 
respect  to  sanitary  questions  than  in  many  other  matters. 

It  must  be  here  premised  that  sanitary  engineering  does  i 
merely  mean  sewerage.  It  means  a  great  deal  more.  It  includi 
also,  water  supply  and  lighting,  ventilation  and  warming  of 
dwellings  within,  free  access  of  air  and  sunlight  without ;  it  incIudBl 
proper  provision  for  the  cooking  of  food  and  ablution  of  the  bodf. 
All  these  matters  must  be  taken  into  account  and  combined  be£i9 
we  can  adequately  consider  the  question  of  design. 

In  addition  to  all  these  the  architect  has  to  consider  the  questka 
of  art  and  beauty  in  the  work  which  he  plans.  In  the  sug- 
gestions made  in  this  paper  no  question  involving  architectoo/ 
adornment  will  be  considered.  The  military  engineer,  who  has  net 
been  trained  to  art,  has  to  consider  questions  of  economy  in  ccd-  I 
struction,  that  is  to  say,  that,  having  a  large  number  of  simiisr 
buildings  to  construct,  ho  must  consider  how  he  can  produce  )as 
design  with  the  least  expenditure  of  material.  A  small  extran- 
gance  of  material  will  make  but  a  trifling  difference  in  a  sin^l^ 
building,  but  it  will  make  a  very  appreciable  amount  when 
multiplied  a  hundred-fold. 

Further,  the  engineer  has  to  bear  in  mind  military  questions,  e.§^ 
how  discipline  sliall  most  easily  be  administered,  how  parades  shall 
be  carried  out,  and  how  tactical  units  shall  be  conserved. 

The  Army  Sanitary  Commission  of  1S63  decided  that  the  design 
of  a  barrack  should  be  simple,  that  the  architect  or  engineer  should 
endeavour  to  obtain  a  maximum  of  fresh  air  and  sunlight  on  every 
part  of  the  outer  walls  of  a  room  occupied  by  human  beings,  and 
that,  therefore,  closed  comers  or  re-entering  angles  should  be 
avoided. 

A  plan  of  a  barrack  adopted  as  a  type  should  be  capable  of  such 
alterations  as  will,  without  change  of  general  design,  admit  of  its 
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ling  adapted  to  changes  of  site  or  climate.     It  would,  obviously, 
contrary  to  common  sense  to  build  the  same  barrack,  exact  in 

ery  r^pect,  at  Cork  and  at  Aberdeen,  or  in  a  warm  sunny  valley, 

d  the  top  of  a  ndge,  such  as  that  at  Inverness,  where  the  N.E. 

nd  whistles  across  the  Moray  Frith.  But  the  same  type  may  bo 
allowed  if  certain  modifications  be  introduced  suitable  for  the  local 
trcumstances  of  the  case. 

A  t^'pe  plan  should  also  be  capable  of  extension,  so  as  to  suit  the 
frger  amount  of  cubic  space  required  for  warm  climates. 
I  Finally,  and,  perhaps,  most  important  requisite  of  all,  the  type 

15  to  be  adapted  to  the  British  soldier.     One  does  not  wish  on  the 

16  hand  to  give  the  men  unnecessary  luxuries  such  as  they  are 
laccastomed  to  in  civil  life ;  on  the  other  hand,  the  wish  of  all 
Beers  is  to  train  the  men  in  habits  of  cleanliness,  self-respect  and 
briety.  The  barrack  must  be  designed  to  this  end,  so  that  it  may 
\  easy  for  a  man  to  be  cleanly,  in  person  as  well  as  in  outward 
ipeai-ance,  and  that  he  may  have  a  reasonable  amoimt  of  comfort 
i  his  habitation.  Much  attention  has  of  late  been  paid  to  soldiers' 
et,  and,  perhaps,  a  little  study  may,  therefore,  be  devoted  to  his 
pi^elhng. 

The  object  of  this  paper  is  to  examine  existing  types  and 
reposals,  criticize  them — in  no  unfriendly  spirit,  but  with  a  desire 
or  public  advantage — and  to  make  some  suggestions  which  may 
^sibly,  if  not  considered  suitable  themselves,  lead  to  others  of 
greater  practical  utility. 

To  recapitulate  the  necessary  conditions  : — 

(a).  The  barrack  must  be  sanitary  as  regards  sewerage,  surface 
jirainage,  water  supply,  light,  air,  ventilation,  warming,  access  to 
wok-houses,  and  these  must  apply  not  only  to  each  single  blacky  hut  to  all 
ia  cmilinaiwn, 

(h).  It  must  be  economically  designed. 

(c).  It  must  be  adapted  to  military  requirements. 

{d).  It  must  be  as  simple  in  design  as  possible. 

(^)*  It  must  admit  of  small  modifications  to  suit  local  requirements. 

(/).  It  must  be  adapted  to  the  wants  of  the  soldier. 

Aldershot  Type. 

The  type  examined  criticaUy  is  that  adopted  in  the  Stanhope 
Lines  at  Aldershot,  recently  built.  These  barracks  are  two-storied, 
and  built  as  shown  in  PkUe  I.     A  detailed  plan  is  shown  on  Plate  II., 
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Fig.  1.      The  blocks  run  east  and  west,  so  that  one  side    of 
block  rarely  gets  any  sunlight  at  all. 

The  accommodation  is  so  arranged  that  in  event  of  an   uii 
number  of  men  being  absent,  as  may  happen  during  the    furl 
season,  the  end  portion  or  "  hammer-head"  may  be  closed   eiiti: 
During  the  period  \ihen  the  barrack  is  full,  those  men  \rlio  liv 
the  "  hammer-head  "  must  necessarily  pass  through  the  other 
to  reach  their  own.     Hence  the  other  room  becomes  a  thoroughfj 
and  the  men  who  occupy  it  have  more  than  their  own  share  of 
to  clean.     On  the  other  hand,  they  are  better  off  as  regards   i 
food  than  the  occupants  of  the  end,  because  they  are  a  little  m 
the  cook-house  ;  although,  in  many  blocks,  the  dinners  must  in  ei 
case  inevitably  be  cold,  however  elaborate  the  menu,  by  the 
they  reach  the  barrack-rooms,  for  the  cook-house  is  some  di.s 
away,  and  is  not  reached  by  a  covered  passage. 

There  are  two  cook-houses  per  battalion. 

In  this  type  of  barrack  the  soldier  sleeps  and  eats  in  the 
room.  He  has  cupboards  in  which  to  keep  eatables,  but  the  fact< 
keeping  food  in  a  sleeping  room  is  condemned  by  medical  experts 
bad  for  the  food,  and  unwholesome  for  the  sleeper. 

The  position  of  the  urinal  in  this  type  of  barrack  is  also  noteworth; 
At  the  door  of  the  barrack-room,  in  a  very  prominent  position, 
a  stand  on  which  is  placed  the  urine  tub.  long  ago  condemned 
the  Army  Sanitary  Commission,  and  to  this  day  stigmatized 
medical  experts  as  an  abomination.  Night  urinals,  i,e.,  small 
leading  out  of  barrack-rooms,  locked  during  the  day,  open  at  nighl 
are  to  be  found  in  many  barracks,  and  are  seldom  in  a  sweet 
wholesome  condition.  The  improper  use  of  these,  doubtl 
influenced  the  arrangement  now  found  in  the  Aldershot  barracks 
at  least  an  evil  of  lesser  magnitude  than  that  obtaining  in  s< 
barracks  with  permanent  night  urinals.  The  question  of  adeqiwi 
convenience  in  this  respect  is  undoubtedly  difficult,  yet  (it  is  thought' 
not  impossible  to  solve.     On  this  subject  more  presently. 

There  is  but  one  entrance  and  one  staircase  to  the  block,  ail 
obvious  disadvantage. 

The  combination  of  buildings  on  Plate  1.  does  not  lend  itself  to 
simplicity  of  drainage,  sewerage  or  water  supply. 

Latrine  accommodation  is  provided  in  separate  buildings  from 
barracks.  The  latrines  are  flushed  periodically  at  certain  hours, 
generally  once  a  day — not  a  pleasant  arrangement.  ! 

^'ufficient  has  been  said  to  prove  that  this  type,   although  an  \ 
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immense  advance  on  the  old  huts  which  it  replaced,  is  not  such  as 
will  convince  us  that  finality  on  the  subject  of  the  best  design  has 
been  obtained  in  it. 

Mr.  Marrable's  Type. 

The  next  type  to  be  considered  is  that  shown  on  Fig,  2,  Plate  II., 
proposed  by  Mr.  Marrable,  District  Surveyor,  R.E.  Civil  StaflF,  in  a 
paper  entitled  "  What  a  Barrack  Should  Be  to  Meet  the  Require- 
ments of  the  Age,"  published  in  The  Occasional  Papers  of  the  Associa- 
Oan  of  Surveyors, 

He  proposes  to  build  three-storied  barracks,  and  accommodate  100 
privates  on  each  floor  in  little  rooms  of  10  men  each,  leading  off  a 
large  central  corridor,  which  serves  as  dining  hall.  The  cook-house, 
ablution  room,  latrines  and  urinals  are  brought  under  the  same  roof 
and  the  same  floor,  and  he  provides  a  sleeping  room  for  four  N.C. 
officers  in  another  room,  also  on  the  same  floor.  There  are  also 
other  conveniences  allowed,  such  as  company  stores,  pay  offices,  etc. 

In  examining  this  plan  one  cannot  but  be  grateful  to  a  member  of 
the  civil  staff  for  having  taken  the  trouble  to  work  out  a  scheme  of 
this  nature.  It  has  been  most  carefully  considered,  and  must  have 
involved  much  labour.  At  the  same  time,  there  are  many  very  grave 
objections  to  it. 

It  offends  the  canon  that  the  design  should  be  simple.  It  would, 
if  built,  result  in  a  large  building,  occupying  much  area,  with  many 
deep  recesses  or  dead  angles,  where  air  would  stagnate  and  sunshine 
never  reach,  and  where  the  rooms  would  be  dark  by  reason  of  bulk 
looming  opposite  to  the  windows. 

The  corridor  or  dining  hall  would  be  cheerless  and  draughty. 

The  urinals  are,  no  doubt,  under  the  same  roof  as  the  dormitories, 
but  so  far  away  that  the  men  would  not,  in  many  cases,  take  the 
trouble  to  go  to  them,  along  cold  and  draughty  passages. 

The  sergeants  are  too  far  away  from  their  men  to  render  efficient 
supervision,  and  the  staircase  accommodation  in  event  of  a  sudden 
turn  out,  e.g.,  in  case  of  fire,  is  quite  insufficient. 

It  is,  however,  easy  to  criticize,  and  especially  easy  to  pick  faults. 
It  is  not  so  easy  to  suggest  a  remedy. 

S.M.E.  Type. 

In  the  type  now  submitted,  shown  on  Fig.  3.  Plate  II.  (where,  for 
the  purposes  of  comparison,  the  drawings  are  all  represented  to  the 
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same  scale),  the  general  arrangement  is  one  which  will  be  familiar  to 
all  officers  who  have  served  in  India,  although  there  the  type  is 
usually  confined  to  single-storied  buildings. 

Endeavour  has  been  made  in  this  design  to  retain  the  best 
features  of  both  the  Aldershot  and  Mr.  Marrable^s  suggestions,  as 
well  as  the  Indian  type,  and  thus,  by  a  process  of  evolution,  obtain 
a  type  which  will  be  an  advance  in  the  direction  of  general  utility. 

The  two-storied  company  block,  as  in  the  Aldershot  type,  is 
retained,  with  four  dormitories  each  for  a  "  section,"  or  one-fourth 
of  a  company.  (For  present  purposes  wo  may  consider  infantry 
only,  and  use  terms  applicable  to  that  arm.  The  same  principles 
apply,  mutaiis  mutandis^  to  cavalry,  artillery,  or  engineers).  These 
section  dormitories  are  separated  on  each  floor  by  a  transept,  to  be 
used  as  a  day-room  and  dining-room  (see  Plate  III.  for  details).  It 
will,  therefore,  be  possible  to  reduce  the  breadth  of  the  dormitory 
to  18  feet,  and  give  the  men  more  space  than  now  obtains  between 
their  beds,  because  as  they  will  not  have  their  meals  in  the  barrack, 
all  the  width  required  will  be  for  two  rows  of  beds  (say  13  feet) 
plus  occasionally  a  barrack  table  (3  feet),  and  1  foot  on  either  side. 
Each  man  still  has  his  60  square  feet  of  floor  space  or  600  cubic 
feet  of  air.  Only  a  few  tables  and  benches  will  be  required  in  the 
dormitory,  the  rest  being  in  the  day-room ;  hence  the  cubic  air  space 
actually  available  will  be  greater  than  with  the  present  arrangement. 

The  windows  are  arranged  so  as  rw^  to  be  opposite  one  another. 
The  amount  of  light  given  is  1  square  foot  to  about  100  cubic  feet 
of  interior  accommodation.  This  may  be  altered,  however,  to  suit 
circumstances. 

Flak  IV.  shows  a  barrack  for  an  infantry  battalion  arranged  with 
all  the  blocks  of  this  type,  and  giving  proposed  arrangement  of 
sewers.  The  system  is  shown  as  the  combined  system  of  surface 
and  foul  water,  because  this  is  the  most  common  system  in  barracks, 
but,  of  course,  the  separate  system  is  easily  substituted.  It  will 
be  evident  from  this  drawing  how  easily  the  type  adapts  itself  to 
drainage. 

As  regards  water  supply,  it  is  evident  that  a  main  can  be  taken 
up  the  street  between  two  rows  of  barracks  with  branches,  governed 
by  stop-cocks,  opposite  each  annexe,  lavatory  and  cook-house.  No 
cisterns  will  be  necessary,  except  the  small  ones  over  the  w.c.'s  and 
the  feeds  to  cook-house  boilers.  A  continuous  supply,  governed  by 
stop-cocks,  and  with  proper  meter  regulation,  may  be  entirely 
independent  of  cisterns,  *' ball-cocks  and  all  the  abominations  of 
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bungling  plumbers  "  (as  Mr.  Frederic  Harrison  alliteratively  remarks 
in  his  Teaching  of  History),  to  the  great  comfort  of  those  who  would 
otherwise  find  them  hard  frozen  in  a  severe  winter. 
\  Gas  is  the  usual  illuminant  used  in  barracks,  and  in  its  present 
application  to  the  soldier's  room  it  can  hardly  be  said  to  be  either 
wholesome,  cheap  or  efl&cient.  Among  the  many  new  inventions 
recently  brought  out  it  is  difficult  to  say  which  is  most  suitable  for 
the  barrack-room,  but  possibly  the  Stott-Thorpe  light,  which  com- 
bines brilliancy,  economy  and  ventilation  (by  carrying  off  the 
products  of  combustion  through  the  ceiling),  will  be  most  efficient. 
It  is  proposed  to  use  it  in  this  case. 

Ventilation  in  this  design  would  be  partly  ensured  by  the  use  of 
foul  air  shafts  connected  with  chimneys.  The  Tobin's  tube  is 
probably  the  best  form  of  inlet.  Another  extremely  simple  inven- 
tion most  suitable  for  barracks  is  the  "  Fenestra,"  where  all  cutting 
of  the  barrack  wall  is  avoided,  and  a  grating  opened  by  a  sliding 
door  is  given  in  the  hollow  boxing  of  double-hung  window  sashes. 
By  using  this  for  inlet  and  the  gas  for  outlet  shafts  the  ventilation 
in  the  barrack  would  probably  be  thoroughly  carried  out. 

Warming  is  proposed  to  be  effected  by  fireplaces  with  ventilating 
grates.  Stoves  would  possibly  be  more  efficient,  but  it  is  doubtful 
if  the  men  would  like  them. 

The  plan  of  the  cook-house,  one  of  which  would  be  given  to  every 
two  companies,  is  shown  on  Plate  III.  It  is  arranged  on  the 
principle  advocated  by  Brigade-Surgeon-Lieut. -Col.  Evatt,  in  his 
lecture  on  "The  Sanitary  Care  of  the  Soldier  by  his  Officer,"* 
where  a  preparation  room  outside  of  the  kitchen,  and  a  scullery  and 
a  store  are  provided.  In  this  cook-house  there  are  baths  for  the 
men.  The  whole  is  connected  by  a  covered  passage  with  blocks  on 
either  side,  and  staircases  lead  to  the  dining-rooms  on  the  upper 
floors. 

The  details  of  latrine  and  urinals  here  demand  some  attention. 
Recent  inventions  in  pedestal  closets  are  of  a  description  which 
makes  misuse  of  them  almost  impossible.  They  may  be  now-a-days 
formed  of  enamelled  iron,  with  or  without  wooden  seats,  so  as  to  be 
practically  indestructible,  and  there  seems  no  reason  why  a  soldier 
should  not  have  these  provided  for  him,  with  water  waste  preventive 
cisterns,  controlled  by  the  user  of  the  closet.    Even  if  this  be  not 

*  JR.A.  Institution  Proceedings,  May,  1894.  Anybody  who  wishes  to  read 
itraight,  sensible  talk  about  the  soldier  should  get  this.  The  dining-room 
question  is  there  discussed,  and  no  doubt  expressed  as  to  its  advantage. 
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approved,  a  range  of  seats  with  an  automatic  flushing  apparatus, 
such  as  has  been  introduced  with  the  greatest  success  into  Chatham 
Dockyard  by  Messrs.  Doulton,  would  be  far  better  than  the  usual 
barrack  latrine  now  used.  As  regards  urinals,  most  railway  stations 
hare  them  with  running  water  in  a  raised  trough,  and  the  same 
type  might  quite  easily  be  introduced  into  barracks. 

So  much  for  condition  (a),  viz.,  sanitary  design. 

As  regards  (6) — economy — we  have  to  consider  not  merely  first 
cost,  but  repair.  This  consideration  points  to  the  desirability  in 
many  cases  of  using  some  other  material  than  slates  for  the  roof.  Tiles 
are  now  manufactured  as  light,  as  durable,  as  non-absorbent,  cheaper, 
and  far  prettier  than  slates.  Only  those  who  have  had  to  keep  in 
repair  acres  of  slate  roofs  in  a  stormy  winter  know  how  grievously 
extravagant  they  are. 

For  the  rest,  the  span  of  the  roof  makes  a  collar  beam  tniss 
feasible,  and  the  absence  of  complication  in  design  makes  the  whole 
roof  simple. 

The  floor  may  be  either  single  or  double,  on  steel  joists,  the  latter 
for  preference.  The  floor  of  the  annexe  should  be  of  asphalte  or 
tar  concrete,  as  being  pleasant  to  walk  on  and  not  absorbent. 

The  broad  question  of  economy  of  the  whole  we  shall  discuss 
presently. 

We  now  come  to  the  condition  (c) — military  requirements.  On 
this  little  need  be  said.  The  general  design  {Plate  IV.)  shows  the 
arrangement  of  a  battalion  in  wings  on  either  side  of  a  paiade 
ground;  the  detailed  plan  {Plate  III.)  shows  the  sergeant's  rooms 
near  the  company  or  section  under  his  command.  The  design  is, 
therefore,  adapted  to  tactical  units. 

Each  section  room  has  a  separate  entrance  and  a  separate  stair- 
case, its  own  ablution  rooms,  its  own  range  of  w.c.'s,  and  its  own 
urinal.  For  these  the  N,C,0,  of  the  section  must  be  pnTnanli/ responsi- 
ble, subject,  of  course,  to  the  daily  supervision  of  officers  and 
medical  staff. 

The  only  other  matters  which  we  have  to  consider  now  are 
whether  the  type  is  adapted  to  the  ordinary  wants  of  the  soldier, 
and  whether  it  is  capable  of  slight  modification.  With  regard  to 
the  first  point,  evidently  if  one  can  ensure  greater  comfort  in  meals,* 

*  Some  officers  eay  they  have  tried  dining-rooms,  but  have  found  that  the 
men  did  not  care  for  them.  If  the  dining-rooms  were  a  long  way  from  the 
barrack-room,  probably  the  men  would  not  like  them.  If  you  put  them  close 
to  the  barrack-room  and  close  to  the  cook-house  it  is  quite  another  matter. 
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decency  in  habits,  and  yet  not  interfere  with  discipline,  an  important 
point  has  been  gained.  Lord  Wolseley  says*  :  "  We  pay  our  men  so 
wretchedly  that  we  can  only  hope  to  entice  men  to  enlist  by  making 
them  happy  whilst  they  are  with  us,  and  the  first  step  towards 
happiness  is  to  make  men's  dwellings  bright  and  cheerful."  In  this 
type  of  barrack  the  windows  open  on  the  parade  ground,  or  the 
outer  country  (see  FkUe  IV.),  not,  as  in  the  Aldershot  type,  on  the 
next  barrack     This  is  in  itself  not  unimportant. 

As  regards  alteration  to  suit  various  places,  if  the  climate  or  site 
is  very  hot,  a  small  verandah  can  easily  be  made  on  the  sunny  side 
of  the  block,  between  the  dining-room  and  the  sergeant's  room.  Or 
if  the  expense  of  a  verandah  be  prohibitive,  outside  Venetians  can  be 
applied  to  the  windows.  On  the  Continent  these  are  universally 
applied  to  barracks.  If  the  site  is  a  cold  one,  increase  the  width 
and  reduce  the  length  of  the  dormitory,  give  fewer  windows  on  the 
exposed  side  and  thicken  the  walls.  The  type  in  neither  case  is 
altered. 

But  the  question  will  probably  be  asked,  "  What  about  the  expense 
of  the  whole  as  compared  with  the  Aldershot  type  ? "  No  doubt, 
at  first  sight,  it  appears  as  though  the  S.M.E.  type  must  be  the 
more  expensive,  on  account  of  the  extra  accommodation  provided, 
each  half-company  having  its  dining-room,  and  one-fourth  of  the 
cook-house  instead  of  one-eighth.  If  we  estimate  the  cost  of  the 
Aldershot  block  and  the  S.M.E.  type,  the  latter  will  certainly  be 
greater,  but  we  have  to  take  other  matters  also  into  consideration. 

To  adopt  this  type  to  regimental  requirements  (as  in  FlcUe  IV.) 
we  have  to  consider  the  accessories,  the  canteen,  sergeants'  mess, 
quartermaster's  stores,  etc.,  etc.  These  are  shown  generally  on 
Flak  IV.,  and  in  detail  on  Flaies  VI.  and  VII.,  each  being  based  on 
the  dimensions  given  in  the  Barrack  Synopsis,  and  adapted  to  the 
general  type,  as  will  be  seen  by  comparing  the  elevations  in  Flates 
III,  VI.,  and  Vn. 

Flate  V.  shows  the  accommodation  for  a  brigade  of  four  battalions 
on  exactly  the  same  acreage  as  that  occupied  by  the  1st  Infantry 
Brigade  in  the  Stanhope  Lines  at  Aldershot. 

By  comparing  the  areas  occupied  by  the  buildings  in  both  cases 
we  should  get  a  fallacious  result,  inasmuch  as  several  of  the  buildings 
in  the  Stanhope  Lines  are   single-storied  which  are  double-storied 

*  As  qnoted  by  Brigade-Surgeon-Lieut  .-Colonel  Evatt  in  the  lecture  already 
allnded  to. 
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in  the  S.M.E.  type.  The  actual  plinth  area  in  the  former  is  about 
366,000  square  feet  as  against  346,000  in  the  latter. 

The  difference  is  caused  by  the  large  recreation  establishments 
canteens  and  sergeants'  messes  provided  in  the  Stanhope  Lines. 
Those  suggested  in  the  S.M.E.  type  are  in  accordance  with  the 
Barrack  Synopsis.  That  they  are  on  a  suflficient  scale  is  not  questioned. 
On  the  other  hand,  it  has  been  asserted  by  some  commanding  officers 
that  those  of  the  Stanhope  Lines  are  too  large. 

In  any  case,  by  bringing  in  bo  a  double-storied  building  the  rooms 
now  scattered  over  single-storied  ones,  we  gain  space  and  save 
roofing.  Whether  they  are  equally  suitable  is  a  matter  of  opinion; 
similar  buildings  in  other  places  are  considered  quite  suitable  {e.g.y 
the  RA.  canteen  and  sergeants'  mess,  Wellington  Lines,  Aldershot). 
The  cost,  however,  can  be  ascertained  approximately  by  cubing  out 
the  blocks  and  giving  the  same  price  per  foot  to  each  class.  Thus 
the  cost  for  a  soldiers'  barrack  per  foot  cube  may  be  reckoned  at 
5d.,  whereas  officers'  quarters  and  mess  amount  to  about  Is, 

On  this  basis  the  brigade  of  four  battalions  on  the  S.M.E.  type 
would  cost  £236,000,  and  the  Aldershot  type  £225,800,  a  difference 
of  about  £10,000,  or  about  4*5  per  cent.  This  takes  no  account  of 
any  advantages  gained  in  the  S.M.E.  type  by  simplicity  of  drainage, 
or  any  of  the  other  points  which  may  be  put  to  the  credit  of  this 
type. 

It  is  believed  that  this  extra  percentage  would  be  materially 
reduced  in  considering  the  types  in  detail. 

At  all  events,  it  is  a  matter  for  consideration  whether  the  advan- 
tages of  the  proposed  type  to  the  British  soldier,  and,  therefore, 
indirectly  to  the  nation,  are  worth  an  excess  of  4J  per  cent,  on  the 
cost  of  a  new  barrack. 

Married  Quarters. 

The  improvement  in  the  condition  of  the  married  quarters  has, 
of  recent  years,  been  most  marked.  Instead  of  one  room  where  a 
man,  his  wife,  and  a  maximum  of  three  children  were  obliged  to 
live,  eat  and  sleep  in  very  questionable  comfort,  each  quarter  has 
now  a  kitchen  and  scullery,  some  have  an  additional  bed-room,  and 
some  even  have  three  living-rooms  as  well  as  kitchen  and  scullery. 
There  are,  however,  here  also  certain  disadvantages.  Plate  VIII. 
shows  the  present  type  plan  of  married  quarter.  It  will  be  seen 
that  the  rooms  are  somewhat  closely  packed,  the  stairs  in  some  cases 
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being  in  the  rooms.  In  many  cases  (though  not  in  the  latest  type) 
there  is  no  w.c.  accommodation  inside  the  building. 

Medical  officers  tell  one  that  however  great  an  improvement  these 
quarters  are  on  what  used  to  be  the  type,  yet  they  are  wanting  in 
sanitar}'  efficiency.  It  is  cruel  to  force  a  delicate  woman  to  use 
outside  latrines,  and  many  of  them  dislike  it  from  motives  of  decency. 
Again,  if  baths  are  considered  desirable  for  unmarried  soldiers,  why 
should  the  married  soldier  and  his  wife  or  child  not  have  one  also  1 
If  cleanliness  is  next  to  godliness  the  unfortunate  barrack  bairn 
has  a  very  poor  chance. 

In  the  type  proposed  (Plate  IX  )  both  these  sanitary  defects  are 
altered,  the  quarters  are  divided  by  passages,  which,  to  a  certain 
extent,  isolate  portions  of  the  building.  The  chimneys  are  brought 
to  the  centre  of  the  building,  where  they  ought  to  be,  and  not 
scattered  all  over  the  roof.  Lastly,  but  not,  by  any  means  least  in 
point  of  comfort,  the  water  supply  is  continuous,  laid  on  to  each 
group  of  quarters  from  an  outside  main,  and  there  are  no  huge 
cisterns  overhead  to  cause  misery  in  frosty  weather,  and  involving 
girders  and  beams  for  their  support.  What  the  discomfort  caused 
by  these  frozen  cisterns  was  to  the  married  soldier  in  the  great  frost 
of  1895  no  words  can  depict. 

All  this  is  important.  If  we  are  to  induce  sober,  respectable 
men  to  stay  in  our  army,  to  be  the  backbone  of  our  regiments,  i.e., 
the  N.C.  officers,  we  must  make  the  married  quarters  decent,  healthy 
and  attractive. 

Warrant  OrFicERs'  .Quarters. 

We  must  also  provide  an  attractive  residence  for  the  soldier  when 
he  reaches  the  highly  honourable  position  of  a  warrant  officer. 

Plate  X.  shows  the  authorized  type  of  a  pair  of  such  quarters. 
It  will  be  noticed  that  one  of  these  has  an  extra  bedroom,  that  the 
living-room  is  large  and  the  kitchen  small,  that  there  is  a  small  back 
yard  which  interferes  much  with  light  (to  say  nothing  of  the  out- 
look), and  that  the  w.c.  accommodation  is  outside. 

These  defects  are  remedied — ^at  least,  to  a  certain  extent — in 
Plate  XL,  which  gives  a  simpler  type  of  building,  with  equal  accom- 
modation, and  its  internal  arrangements  better  suited  to  the  use  of 
a  man  of  that  class  and  social  position. 

In  making  the  above  proposals  nothing  but  what  affects  the 
soldier  has  been  considered.     Officers'  quarters,  troop  stables,  and 
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the  many  auxiliary,  accessory  and  subsidiary  buildings  involved  in 
barracks  have  been  left  out  of  the  question. 

Unfortunately,  in  the  Corps  we  have  no  such  institution  as  the 
Aldej-shot  Military  Society  or  the  R.A.  Institution,  where  proposalal 
can  be  discussed  by  the  collective  wisdom  of  officers  of  experience,  I 
and  where  heated  enthusiasm  is  subject  to  the  cooling  effect  of 
dispassionate  criticism.  It  is,  however,  to  be  hoped  that  the 
proposals  here  made  will  be  subjected  to  criticism,  so  that  the  weak 
points  may  be  exposed.  The  elaboration  of  these  proposals  has  not 
been  the  work  of  a  few  days  nor  a  few  weeks.  The  writer  has 
been  fortunate  enough  to  obtain  the  views  and  suggestions  of  many 
warrant  officers,  N.C.  officers  and  men,  and  has  given  fidl  weight  to 
their  opinions ;  and  he  has  been  further  able  to  bring  to  bear  on  the 
subject  a  personal  experience  of  some  of  our  largest  military  stations, 
both  at  home  and  in  India. 
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(Delivered  at  the  S.M.E.,  Autumn  Session,  1894) 
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PAPER    VIII. 

RAILWAY    CONSTRUCTION. 

By  Sir  G.  L.  Molesworth,  K.C.I.E,  M.I.C.K,  MJ.M.E. 


LECTURE   L 


Introduction. 

LuiGi  CosSA,  the  eminent  Italian  economist,  has  given  the  follow- 
ing sound  advice  to  students  in  political  economy : — 

*^  It  is  needful  to  hold  ourselves  aloof  equally  from  the  so-called 
doctrinaires,  who  refuse  the  assistance  of  practice,  and  from  the 
empiricists,  who  obstinately  close  their  eyes  to  the  light  of  theory.  ^ 
The  pure  science  explains  phenomena  and  determines  laws ;  the 
applied  science  gives  guiding  principles  which  practice  brings  into 
conformity  with  innumerable  varieties  of  individual  cases." 

Again,  John  Stuart  Mill  wrote  in  one  of  his  later  works  : — "  One 
of  the  peculiarities  of  modern  times,  the  separation  of  theory  from 
practice,  of  the  studies  of  the  closet  from  the  outward  business  of 
the  world,  has  given  a  wrong  bias  to  the  ideas  and  feelings  both  of 
the  student  and  the  man  of  business.  There  is  almost  always 
room  for  a  modeat  doubt  as  to  our  practical  conclusions." 

Similar  caution  cannot  be  too  strongly  impressed  on  students  in 
engineering.  It  is  an  old  saying  that  theory  and  practice  do  not 
agree,  but  this  is  a  false  assumption.  Paradoxical  results  arise 
irom  the  fact  that  the  theory  has  been  incomplete,  and  that,  in  its 
application,  certain  factors,  which  seriously  afifect  the  conclusion,  have 
^n  omitted,  and  these  factors  can  only  be  supplied  by  practice ; 
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in  fact,  theory,  to  be  perfect,  must  include  practice  and  be  bas« 
upon  it.     It  has  been  truly  said  "  mathematics  is  a  good  serv 
but    a    bad    master,"  and    one    of    our    eminent    engineers 
spoken  of  a  mathematical  education  in  college  as  simply  providioj 
the  tools  necessary  for  becoming  au  engineer.     This  is  quite  triM 
but  the  more  perfect  the  tools,  the  better  the  work.     The  moB 
perfect  your  mathematical  education,  the  better  you  will  be  able  ti 
solve  the  problems  that  practical  engineering  affords.     On  the  othe 
hand,  tools,  however  perfect,  may  be  useless,  or  even  dangerous, 
unpractised   hands;    the  sharper  the   tools   the  deeper    they  wil 
cut,  and  consequently  the  more  mischievous  they  will  be  if  wronglj 
directed.      Too   great   reliance   on    crude   theory,  untempere<l  bj 
practice,  may  involve  fatal  mistakes  which  a  practical  man  woiiH 
instinctively  avoid.      For   the  performance  of    satisfactory    work 
many  accessories  are  required  besides   good  tools,  so,  in  order  to 
become  a  successful  engineer,  something  beyond  a  knowledge  of 
mathematics  is  required.    Engineeiing,  though  a  scientific  profession, 
means  something  beyond  scientific  knowledge.     Let  me  illustrate 
this  by   a  somewhat   extreme  case.      You  have   often  heard  the 
expression  "billiards  is  a  very  scientific  game;"   and  so  it  is,  but 
how   many   of   those  who   play   billiards   understand   the    science 
of  the  game.     Set  a  mathematician  of  the  highest  order  against  an 
ignorant  but  skilful  billiard  player,  and  what  would  be  the  result  t 
The  man  who  has  never  handled  a  cue  may  study  the  theory  of 
billiards,  and  he  will  but  dimly  apprehend  its  application  ;   but,  on 
the  other  hand,  if,  after  some  experience,  he  should  study  the 
theory,  he  will  see  the  aim  of  his  study  and  direct  his  theory  to 
the  improvement  of  his  playing  ;  but,  in  addition  to  his  science,  he 
must  have  a  good  eye,  a  firm  and  skilful  hand,  judicious  forethought, 
constant  practice,  and  large  experience.     So  the  young  engineer  for 
one  case  in  which  he  may  require  the  use  of  high  scientific  attain- 
ments has  to  deal  with  innumerable  cases  requiring  the  exercise  of 
common  sense,  gentlemanly  and  honourable  feeling,  tact,  fertility 
of  resource,   energy,   and  experience,   and   these,   combined   with 
a  sound  scientific   knowledge,  are  the  elements  which  form  the 
successful  engineer. 

Robert  Stephenson  used  to  say  with  great  truth,  "The  most 
difficult,  and  at  the  same  time  the  most  important,  bi-anch  of  engineer- 
ing is  the  engineering  of  men ; "  and  there  is  little  doubt  that  much 
of  his  success  was  due  to  his  tact  in  the  management  of  those  under 
him. 
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Students  on  leaving  college  are  frequently  apt  to  be  too  well 
satisfied  with  their  attainments  to  learn  from  those  who  have 
practical  knowledge,  and  their  knowledge  is  sufficient  to  lead  them 
iDto  difficulties  from  too  great  dependence  on  crude  theory. 

I  speak  from  experience,  for  I  remember  well,  in  our  students' 
Tisits  to  works,  the  self-complaisance  with  which  we,  in  our  im- 
perfect knowledge,  criticized  the  construction  of  works  which  we 
did  not  fully  comprehend.  When  I  left  college  I  fancied  that  my 
knowledge  of  engineering  was  fairly  complete,  but  I  had  not  been 
many  weeks  in  practical  work  before  I  began  to  realize  the  fact  that 
there  were  a  few  things  which  I  had  to  learn,  and  possibly  to  unlearn. 
As  time  went  on  these  things  increased  and  multiplied  in  the  most 
marvellous  manner,  and  now,  at  the  end  of  a  long  professional 
career,  extending  over  nearly  half  a  century,  I  have  reached  that 
state  of  mind  expressed  by  Professor  Virchow,  perhaps  one  of  the 
most  eminent  of  German  scientists,  **  That  which  is  my  accomplish- 
ment as  a  man  of  science  is  precisely  the  knowledge  of  my 
ignorance,  the  chief  thing  is  that  I  know  what  I  do  not  know." 

Now  let  me  be  distinctly  understood  that  I  by  no  means  depreciate 
the  immense   value   of   high    mathematical  attainments;    on   the 
contrary,  I  think  them  of  the  very  highest  importance,  and  I  would 
urge  the  necessity  for  improving  that    mathematical  knowledge 
which  you  have  already  acquired;   but  applied  mathematics  are 
based  on  experience,  and  it  must  be  borne  in  mind  that  practice  is 
a  factor  necessary  to  make  your  theory  perfect.     Theory  must  go 
hand  in  hand  with  practice,  and  must  be  supplemented  by  it,  but  it 
too  often  happens  that  the  engineer,  after  leaving  college,  neglects 
his  mathematics,  and,  before  he  can  reach  that  position  in  which  his 
high  mathematics  would  be  really  useful,  his  theoretical  knowledge 
has  become  rusted  by  disuse.      I  cannot,  therefore,  too  strongly 
impress  upon  you  the  need  of  not  only  keeping  up  the  mathematical 
knowledge  that  you  have  acquired,  but  even  improving  it  by  the 
aid  of  practice,  and  I  do  urge  the  importance  of  a  thorough  com- 
bination of  the  practical  with  the  theoretical  whilst  the  engineer  is 
young,  for  no  after-experience  can  make  up  for  the  neglect  of  either. 
It  is  by  climbing  the  ladder  step  by  step  that  the  practical  engineer 
is  made.    It  is  the  experience  in  all  the  minor  difficulties  of  detail 
that  makes  the  engineer,  and  such  difficulties  are  apt  to  escape 
notice  when   met  vicariously  by  the   foreman,  overseer,  or  con- 
tractor. 

The  officer  placed  at  once  in  the  higher  grade  immediately  after 
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leaving  college  can  by  no  length  of  service  gain  that  practical 
insight  into  work  that  is  to  be  obtained  by  serving  in  the 
lower  grades.  Too  often  the  officer  is  placed  at  first  in  charge  of 
work  the  practical  portion  of  which  is  performed  either  by  the 
foreman,  the  contractor,  or  the  clerk  of  works,  and  he  naturally 
considers  it  beneath  his  dignity  to  learn  from  those  over  whom  he  is 
placed  in  command ;  and  even  if  willing  to  learn,  he  does  not  come 
personally  into  contact  with  all  the  minor  difficulties  of  construction, 
and  the  higher  he  rises  in  position  the  further  he  is  removed  from 
them. 

Workshop  training,  when  practicable,  is  a  substitute  for  such  "step- 
by-step  "  progress.  It  is  of  incalculable  value  to  the  engineer,  even 
though  he  may  not  have  to  deal  with  machinery.  The  habits  of 
precision,  the  knowledge  and  practice  of  good  work,  the  acquaint- 
ance with  details  and  materials,  and  the  different  modes  of  carrying 
out  work  in  the  best  manner,  together  with  the  fertility  of  resource, 
gained  by  actual  working  at  the  bench,  are  invaluable  to  any 
engineer.  But  practical  knowledge  cannot  be  gained,  as  some 
suppose,  by  lounging  about  the  workshop  and  watching  the  workmen, 
or  by  making  models  in  the  college  workshop.  It  must  be  obtained 
in  the  school  of  life  with  definite  aim  and  purpose,  working  as  a 
workman  amongst  workmen,  and  doing  work  that  has  to  pass  the 
criticism  of  the  foreman,  and  stand  the  test  of  actual  working.  In 
the  engineering  profession  there  are  two  classes  equally  valuable— 
that  which  executes  work,  and  that  which  produces  those  formula 
which  the  more  practical  men  employ.  These  two  classes  are  com 
posed  of  men  entirely  different,  both  in  their  qualifications  and  in 
their  bent  of  mind,  and  it  by  no  means  follows  that  he  who  is 
eminent  in  one  class  must  necessarily  be  so  in  the  other.  On  the 
contrary,  the  most  eminent  would  probably  fail  if  called  upon  to 
carry  out,  unaided,  a  difficult  task  in  the  class  which  might  not  be 
his  speciality.  There  are,  of  course,  innumerable  gradations 
between  the  extremes  of  such  classes,  in  men  who  possess  a  happy 
combination  of  the  theoretical  and  practical,  but  very  great  eminence 
in  both  are  seldom  combined  in  one  and  the  same  person.  Men  oi 
high  calibre  are  frequently  wasted  if  placed  by  circumstances  under 
conditions  which  do  not  call  forth  their  special  qualifications,  and 
the  exigencies  of  the  public  serWce  frequently  force  officers  into 
occupation,  uncongenial  with  their  particular  qualifications,  or 
unsuited  to  their  past  experience.  Many  cases  have  come  to  my 
notice  of  men  of  very  high  mathematical  attainments  who  have 
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signally  failed  in  practical  design.  It  has  been  urged  by  au  engineer 
of  some  eminence  that  the  man  who  cannot  make  a  formula  ought 
not  to  use  it.  I  cannot  quite  endorse  this  sentiment,  but  I  think 
that  everyone  who  uses  a  formula  should  master  the  principles 
underlying  it,  or  otherwise  he  may  misapply  it;  and  the  indis- 
criminate use  of,  and  blind  reliance  on,  "  pocket-book  "  formulae,  and 
the  application  of  such  formulae  to  all  cases  and  conditions,  whether 
suitable  or  unsuitable,  is  an  undoubted  evil.  FormulsB,  as  Dr. 
Anderson  has  pointed  out,  are  frequently  based  on  premises  which 
are  not  accurately  reproduced  in  practice,  and  which,  in  any  case, 
are  frequently  unable  to  take  into  account  collateral  disturbances, 
which  only  observation  and  experience  can  foresee  and  common 
sense  provide  against. 

I  may  fairly  assume  that  all  present  have  a  thorough  knowledge 
of  the  mathematical  and  theoretical  principles  of  railway  con- 
stniction.  I  shall,  therefore,  make  no  attempt  to  touch  upon  such 
questions,  nor  will  the  circumscribed  limits  of  these  lectures  enable 
me  to  enter  into  anything  like  a  complete  treatise  on  railways.  I 
propose,  therefore,  to  confine  my  remarks  principally  to  practical 
questions  that  have  come  within  the  scope  of  my  own  experience, 
and  to  hints  on  those  practical  points  which  are  not  generally  to 
be  found  in  text-books  or  treatises  on  railways,  and  as  your  field  of 
experience  will  probably  be  in  railways  to  be  constnicted  in  new 
countries,  or  for  military  purposes,  my  remarks  will  refer  chiefly  to 
them. 

First,  let  me  say  a  few  words  on  statistics.  Statistics,  like  mathe- 
matics, are  valuable  tools,  but  they  require  very  careful  and  skilful 
handling.  There  is  nothing  more  dangerous  than  the  indiscriminate 
use  of  statistics  without  a  thorough  knowledge  of  all  the  conditions 
that  influence  them.  It  has  been  said,  "  You  can  prove  anything 
you  like  with  statistics,"  and  certainly  I  have  known  the  same 
statistics  used  to  prove  diametrically  opposite  results.  For  instance : — 
A  railway  with  light  trains,  small  traffic  and  empty  returns, 
judged  by  the  statistics  of  "train-mileage,"  might  appear  to  be 
working  more  economically  than  another  railway  on  which  the 
trains  were  heavy  and  well  filled,  whilst  the  statistics  of  "  ton- 
mileage"  would  indicate  exactly  the  opposite  result.  No  two 
railways  are  exactly  alike  in  the  almost  innumerable  conditions  on 
which  such  statistics  depend.  The  East  Indian  Eailway,  for 
example,  works  under  the  conditions  probably  more  favourable  to 
economy  than  any  other  railway  in  the  world.     The  gradients  are 
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light,  the  traffic  exceptionally  favourable  to  full  loads  in  both 
directions  at  all  times  of  the  year,  it  has  its  own  collieries,  its  fuel 
is  cheap,  its  gross  earnings  enormous,  and  comparisons  that  have 
been  made  between  its  statistics  and  those  of  a  State  railway  of 
smaller  gauge  have  been  taken  to  indicate  the  great  inferiority 
either  of  State  management  or  of  the  smaller  gauge.  On  the  other 
hand,  if  we  take  similar  statistics  of  the  Madras  Railway,  on  which 
the  conditions  prevailing  on  the  East  Indian  Railway  are  entirely 
reversed,  they  will  appear  to  indicate  a  superiority  either  in  the 
State  management  or  in  the  smaller  gauge.  Manifestly,  inferences 
drawn  from  such  comparisons,  without  duly  weighing  all  the  con- 
ditions, are  not  only  utterly  useless,  but  absolutely  misleading,  yet  I 
have  been  over  and  over  again  confronted  with  such  comparisons. 

General  Questions  of  Economy. 

Economy  in  construction  is  of  such  vital  importance  that  every 
effort  should  be  made  to  study  economy  and  check  extravagance. 
There  are  numerous  causes  tending  towards  economy,  and  the 
progress  towards  extravagance  is  so  insidious,  that  it  is  almost 
impossible  to  check  it,  unless  all  concerned  are  imbued  with  the 
spirit  of  economy. 

Provision  beforehand  for  every  possible  contingency  is  a  very 
common  source  of  extravagance,  and  one  of  the  most  difficult  of 
control.  Naturally,  it  is  considered  a  reflection  on  an  engineer  to 
make  an  estimate  and  afterwards  *  to  find  that  a  large  number  of 
things  are  necessary  for  which  no  provision  has  been  made ;  but,  if 
provision  be  made  in  the  estimate,  the  works  are  sanctioned,  and  the 
money  will  be  spent.  This  is  specially  the  case  with  water-ways  and 
station  accommodation.  In  India,  it  is  almost  impossible  to  foresee 
how  the  drainage  may  be  affected  by  the  construction  of  the  railway, 
and  it  is  necessary  to  make  very  ample  provision  for  water-way. 
Frequently  it  happens  that,  after  a  large  water-way  has  been  given, 
the  floods  attack  the  line  in  some  unforeseen  way,  or  in  some 
unexpected  place,  and  considerable  additions  are  needed.  When 
this  happens  the  engineer  is  apt  to  go  off  to  the  other  extreme,  and 
provide  more  than  ample  water-way,  so  as  to  avoid  the  reproach  of 
having  under-estimated  the  flood.  Possibly,  moreover,  the  flood 
may  attack  one  part  of  a  railway  one  year,  and  a  few  years  after- 
wards entirely  change  its  tactics,  leanng  the  portion  previously 
attacked  quite  free,  and  bearing  heavily  on  another  part  that  has 
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escaped  in  former  years.  This  is  especially  the  case  with  those 
rivers  which  pass  through  alluvial  districts,  and  possibly  run  on  the 
highest  part  of  the  plain.  Again,  there  are  in  some  districts  floods 
of  an  exceptional  character  which  may  not  occur  once  in  20  or 
30  years,  and  possibly  may  never  occur  again.  In  such  cases  it 
may  sometimes  be  possible  to  supplement  a  bridge  by  an  arrange- 
ment in  which  the  surplus  water  of  an  excessive  flood  may  pass 
without  injury  over  a  low  portion  of  the  line  specially  protected. 

Although  it  is  the  duty  of  the  engineer  to  foresee  such  con- 
tingencies, it  may  not  always  be  advisable  to  execute  them  in  the 
earlier  days  of  construction.  In  most  railways  on  the  plains  of 
India,  where  the  line  is  formed  on  low  embankments,  it  is  better  to 
provide,  where  practicable,  the  minimum  of  water-way  absolutely 
necessary,  and  to  construct  low  protected  causeways  in  the 
approaches  in  such  a  manner  as  to  prevent  danger  to  the  bridges 
The  abutments  of  bridges  also  in  doubtful  places  should,  if  prac- 
ticable, be  '*  pier  abutments,"  which  will  allow  of  expansion  without 
demolition  of  the  existing  work.  The  provision  for  every  possible 
contingency^  in  station  accommodation,  staff  quarters,  etc.,  is  a 
prolific  source  of  extravagance.  A  line  should  be  first  opened  with 
the  mininnum  possible  amount  of  station  accommodation,  and  in 
some  cases  with  temporary  buildings  and  expedients.  It  frequently 
happens  that  provision  is  made  for  traffic  that  may  never  come, 
whilst  traffic  is  abundant  at  stations  for  which  no  provision  has  been 
made;  but  in  all  such  arrangements  thebuildings  should  be  so  designed 
and  placed  as  to  allow  every  facility  for  expansion  should  it  be  found 
necessary.  I  am  far  from  advocating  an  absence  of  foresight  for 
contingencies,  but  I  believe  it  would  be  better  to  prepare  for 
sanction  an  estimate  only  for  the  work  and  stock,  etc.,  absolutely 
required  for  the  given  amount  of  trafiic.  This  should  be  supple- 
mented by  another  estimate  indicating  the  work  that  may  possibly 
be  necessary  under  certain  conditions,  so  that  the  total  cost  wliich 
may  possibly  be  expected  on  the  project  may  be  known  beforehand. 
Another  prolific  source  of  extravagance  is  found  in  the  little  but 
manifold  wants  of  the  manager  after  the  line  has  been  opened  for 
traffic.  The  manager,  as  a  rule,  has  no  interest  in  keeping  down 
the  capital  expenditure.  He  does  not  provide  funds  for  it,  and  as 
he  had  nothing  to  do  with  the  framing  of  the  original  estimate,  no 
responsibility  is  attached  to  him  for  any  excess  beyond  it.  The 
traffic  manager  or  locomotive  superintendent,  seeing  that  efficiency 
of    working  may  probably   be  increased  by  certain  additions,  or 
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that  certain  expenditure  may  afford  great  convenience,  applies  for 
additions,  which  may  be  tenned  '<  luxuries  of  management,"  and 
which  it  is  very  difficult  to  say  are  not  necessary.  In  order  to 
check  this  tendency  it  is  desirable  to  insist,  as  far  as  practicable,  on 
the  question  being  reduced  to  such  a  form  as  to  show  a  money  value 
for  the  addition.  It  should  be  shown  that  there  will  be  a  direct 
economy  in  working  by  the  proposed  addition,  and  that  the  money- 
value  of  that  economy  will  justify  the  expenditure :  if  not,  the 
outlay  should  be  resisted;  ** luxuries  of  management  should  be 
strictly  forbidden."  Of  course,  it  will  happen  that  many  exceptional 
cases  will  often  arise  to  which  this  rule  cannot  be  applied  :  when  it 
is  impossible  to  reduce  the  question  to  a  money  value,  or  when  it  is 
simply  a  matter  of  convenience  or  safety  of  passengers,  and  in  such 
cases  it  is  necessary  to  exercise  a  prudent  and  comprehensive 
discretion,  keeping  in  view,  as  far  as  practicable,  the  principles  of 
true  economy. 

Another  prolific  cause  of  extravagance  is  found  in  the  traditional 
excellence  of  the  character  of  all  structures  connected  with  railways, 
and  the  desire  that  exists  to  turn  out  a  creditable  job ;  on  some 
small  narrow-gauge  branch  lines  there  is  a  tendency  to  have 
everything  as  perfect  and  complete  as  on  a  large  broad-gauge  tnink 
line.  The  engineer  does  not  like  the  symmetry  of  the  station  to  l^e 
marred  by  temporary  or  shabby  structures,  and  I  have  frequently 
met  with  handsome  brick  structures,  panelled  doors,  cut  stone  flooi-s 
and  verandahs,  and  similar  luxuries  for  the  native  station-master, 
who  has  been  accustomed  all  his  life  to  mud  walls  and  floors,  and  to 
doors  and  windows,  if  any,  of  the  roughest  description.  The  plea 
that  it  does  not  add  much  to  the  total  cost  of  the  railway  is  not  to 
the  point.  Large  totals  are  made  up  of  insignificant  details,  and 
the  neglect  of  the  study  of  economy  in  every  detail  causes  extrava- 
gance. It  is  the  right  policy  to  make  the  employees  of  the  railway 
contented  with  comfortable  staff  quarters,  but  in  many  cases  this 
result  may  be  accomplished  with  buildings  of  a  less  expensive 
character  than  many  I  have  seen. 

But  whilst  urging  economy  generally,  I  am  opposed  to  the  false 
policy  of  unduly  sacrificing  economy  in  maintenance,  or  efficiency 
in  working,  to  cheapness  of  first  construction.  I  am  opposed  to  the 
adoption  of  light  rails,  if  the  saving  so  gained  either  leads  to  the 
rapid  wear  of  the  rails  and  rolling  stock,  or  necessitates  a  reduction  of 
the  train  loads  below  the  economic  limit.  It  is  false  economy  to  allow 
inferior  work,  especially  when  the  safety  or  stability  of  structures  is  at 
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stake.  Whilst  on  this  subject  I  wish  to  point  out  that  good  work 
in  masonry  does  not  necessarily  imply  expensive  work ;  in  fact,  bad 
work  may  be  more  expensive  than  good  in  first  cost.  An  instance 
of  this  occurred  to  me  in  one  of  my  inspections,  when  I  found 
nibble  masonry  of  a  kind  that  I  could  not  approve,  and  the  oflScer 
in  charge  pleaded  that  the  stone  was  so  refractory  in  character  that 
he  could  not  affoixi  a  better  class  of  masonry  at  the  rates  of  the 
estimate.  I  replied  that  I  could  not  allow  such  a  plea  for  inferior 
work,  and  that  if  he  could  satisfy  me  that  it  could  not  be  done 
within  the  estimate,  the  rates  should  be  raised,  but  I  doubted  the 
necessity.  A  few  months  afterwards,  when  visiting  the  sanje  works, 
I  found  that  the  masonry  was  of  a  most  excellent  character,  and 
the  officer  admitted  to  me  that  the  cost  was  rather  less  than  that  of 
the  inferior  work  which  I  had  condemned ;  the  extra  trouble  and 
labour  were  more  than  counterbalanced  by  the  saving  in  mortar. 

In  masonry,  good  work  requires  care  and  organization,  rather 
than  extra  expense.  All  that  is  necessary  is  a  little  trouble  to  be 
taken  at  the  outset — in  the  quarry,  by  careful  organization  in 
gauging  the  stones  to  one  standard  of  thickness  ;  stacking  stones  of 
each  class  sepai-ately ;  using  one  thickness  only  at  a  time  in  any 
work  ;  carefully  examining  each  stone  to  ascertain  the  class  to  which 
it  may  be  converted  with  the  least  amount  of  labour ;  and  making 
the  foreman  and  workmen  in  the  quarry  fall  into  regular  systematic 
habits — a  few  hours  now  and  then  spent  by  the  engineer  in  the 
quarry  organizing  a  system  and  explaining  the  best  mofle  of  working 
up  the  stones  will  soon  produce  the  desired  effect.  In  cases 
where  refractory  stone  is  used,  masonry  may  be  divided  into  classes, 
according  to  the  work  it  has  to  perform,  whether  in  high,  thin  piers, 
or  work  exposed  to  much  vibration,  or  in  larger  masses  exposed  to 
less  vibration,  or  in  work  not  exposed  to  any  severe  conditions ;  and 
an  inspection  of  any  stone  will  determine  the  class  to  which  it 
should  belong ;  if  it  should  be  of  such  a  shape  as  to  require  much 
dressing  to  fit  it  for  the  superior  class  of  work,  it  may  be  used  in  the 
inferior  class.  Judgment  in  getting  out  the  stone  is  often  productive 
of  economy;  it  frequently  happens  that  by  placing  the  shots 
judiciously  the  stone  may  come  away  in  such  form  as  to  require 
but  little  dressing.  The  use  of  wedges,  also,  instead  of  blasting, 
with  some  kinds  of  stone,  though  perhaps  slower  than  powder,  and 
apparently  less  economical,  is  sometimes  productive  of  economical 
results  in  lessening  the  amount  of  dressing  necessary. 

Another  cause  of  extravagance  is  a  too  rigid  adberence  to  type 


Digitized  by  VjOOQ IC 


154 

drawings  or  standards  under  all  circumstances.  Types  are  intended 
for  general  information,  and  to  secure,  as  far  as  practicable,  uniformity ; 
but  it  is  obvious  that  they  cannot  be  adopted  inflexibly  in  all  cases 
under  varying  conditions  of  districts,  materials,  workmen,  climate. 
I  have  found  an  engine  shed  in  such  a  position  that  its  cost  was 
considerably  increased  on  the  depth  of  foundations,  simply  because 
it  was  shown  in  that  position  by  the  type  lithograph,  whereas  by 
moving  it  to  an  equally  convenient  position  half  the  cost  of  founda- 
tions might  have  been  saved.  In  other  cases  I  found  platform  walls 
and  embankments  carried  down  to  depths  of  over  10  feet  for 
foundations  where  some  cheaper  expedient  would  have  answered 
equally  well.  In  some  of  the  minor  branch  lines  temporary  water 
arrangements,  signals,  tanks,  etc.,  might  be  adopted  with  advantage 
at  first,  and  tanks  supported  on  sleeper  stacks  below  the  standard 
height  might  be  allowed;  distant  signals  might  also  be  dispensed 
with  at  unimportant  stations.  In  fact,  it  must  always  be  borne  in 
mind  that  small  feeder  branch  lines  do  not  require  the  perfection 
and  completeness  that  is  expected  in  main  lines  of  greater  importance 
and  large  traffic. 

Types  and  standards,  like  formulae,  if  used  without  discretion, 
are  worse  than  useless ;  but.  taking  them  as  a  whole,  I  have  found 
type  drawings  of  great  value,  although  it  is  necessary  to  guard 
against  their  misuse. 

Another  source  of  extravagance,  perhaps  the  more  dangerous 
because  not  so  directly  observable,  is  the  habit  which  some  officers 
have  of  treating  contractors  with  improper  severity.  In  a  contract 
it  is  necessary  to  insert  a  number  of  penal  clauses  that  are  only 
intended  to  be  put  in  force  in  case  the  contractor  should  attempt  to 
carry  out  his  contract  unfairly;  such  clauses  give  the  engineer 
immense  power,  and  if  he  choose  to  exercise  it  unjustly,  ho  is  able 
seriously  to  injure  the  contractor,  although  keeping  within  the  strict 
letter  of  the  contract.  The  more  important  of  these  clauses  should 
never  be  put  in  force  without  absolute  necessity,  and  even  then  with 
great  caution  and  circumspection  by  the  engineer-in-chief  himself, 
who  should  not  delegate  his  powers  to  his  subordinate  officers  except 
under  urgent  necessity.  Yet  I  have  sometimes  found  executive, 
and  even  assistant,  engineers  freely  and  injudiciously  exercising 
these  powers. 

In  the  administration  of  a  contract,  the  first  duty  of  the  engineer 
is  to  his  employer,  the  second  to  the  contractor,  and  the  engineer  is 
bound,  not  only  in  simple  justice,  but  also  in  the  interests  of  his 
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employer,  to  assist  the  contractor  in  every  way,  so  long  as  he  does 
not  thereby  prejudice  the  interests  of  his  employers.  As  a  rule, 
the  contractor  ought  to  be  allowed  any  advantage  that  would  be 
admitted  if  the  work  were  carried  out  departmentally.  The 
engineer,  being  vested  with  enormous  powers,  may,  and  sometimes 
does,  misuse  them  in  raising  frivolous  objections  and  putting  the 
contractor  to  needless  lexpense,  or  in  placing  unnecessary  difficulties 
in  his  way.  When  he  does  this,  it  may  re-act  on  his  employers  in 
two  ways:  either  the  contractor  may  break  down  his  contract,  which 
is  generally  almost  as  serious  to  the  employer  as  the  contractor,  or 
it  may  give  the  employer  a  bad  name,  and  cause  contractors  in 
future  contracts  to  increase  their  rates  to  compensate  for  the 
unnecessary  expenses  into  which  they  may  be  forced  by  the 
engineer.  Several  instances  have  come  to  my  knowledge  in  which 
contractors  have  added  to  their  rates  in  tendering  for  a  contract 
that  would  probably  be  administered  by  an  unjust  or  injudicious 
officer.  It  must,  moreover,  be  borne  in  mind  that  an  inequitable 
agreement,  however  strongly  worded,  is  frequently  ruled  in  law 
courts  to  be  null  and  void,  and  penal  clauses,  if  unjustly  administered, 
will  not  stand.  In  a  case  that  came  before  me  this  year  for  my 
arbitration,  I  was  obliged  to  give  my  award  on  one  point  in  direct 
opposition  to  the  terms  of  the  contract,  which,  though  distinct  in 
their  meaning,  were  inequitably  enforced.  On  the  other  hand,  I 
would  not  be  understood  to  countenance  any  laxity  in  the  super- 
vision necessary  to  secure  either  good  work  or  to  safeguard  the 
interests  of  your  employers.  It  is  especially  necessary  to  prevent 
an  unscrupulous  contractor  from  "  skimming  the  cream "  of  a 
contract  by  executing  all  the  easy  and  remunerative  work  and  then 
relinquishing  the  contract,  leaving  the  heavy  and  non-paying  work 
to  be  done  by  others.  Careful  provision  should  be  made  in  every 
contract  to  prevent  such  a  contingency. 

Reconnaissance  and  Survey. 

The  reconnaissance  of  a  railway  should  only  be  undei-taken  by  an 
officer  of  special  training  and  great  experience,  one  who  has  what 
may  be  termed  "  an  eye  for  the  country."  His  experience  should 
not  be  merely  that  of  a  surveyor,  but  also  of  a  constructor  of  rail- 
ways, for  errors  in  reconnaissance  are  often  of  a  very  serious 
character.  There  is  a  great  danger  of  drawing  hasty  conclusions. 
In  one  case,  after  the  reconnaissance  of  a  mountain  range,  I  arrived  at 
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the  conclusion  that  a  line  could  be  made  through  a  particular  mountain 
pass  with  a  gradient  of  1  in  40,  and  a  tunnel  of  about  3  miles  in  length, 
and  I  recommended  a  preliminary  survey  to  ascertain  the  practica- 
bility of  this  suggestion.  Unfortunately,  the  officer  to  whom  the 
survey  was  entrusted  formed  an  opinion,  from  mere  inspection  of  the 
very  difficult  features  of  the  pass,  but  without  any  instrumentiil 
examination,  that  the  plan  was  impracticable,  and  he  wasted  two 
years,  with  a  very  large  staff,  on  a  detailed  survejr^  of  two  passes,  in 
which  a  preliminary  survey  of  the  difficult  portion  might  have 
shown  at  once  to  be  impracticable.  Subsequently  the  survey  was 
transferred  to  another  engineer,  who  proved  in  a  very  short  time  by 
preliminary  survey  that  a  fairly  easy  lino,  almost  as  originally 
suggested,  could  be  obtained  with  a  gradient  of  1  in  40  and  a  tunnel 
of  about  2i  miles  in  length,  and  the  line  was  ultimately  constiiictcd 
on  that  basis. 

It  is  impossible  to  lay  down  any  fixed  rule  for  reconnaissance, 
which  must  vary  with  the  features  of  the  country.  The  most  diffi- 
cult cases  are  those  in  which  densely- wooded  forests  and  jungle  is 
met  with  ;  especially  when  the  general  direction  is  not  fixed  by  any 
obligatory  points,  such  as  the  crossing  of  some  large  river,  or  the 
necessity  of  accommodating  some  town  or  military  station.  Some- 
times I  found  it  necessary  to  have  four  camps  out  at  once,  passing 
down  the  centre  of  the  district  and  riding  out  1 5  and  20  miles  on 
either  side  to  examine  every  alternative.  An  experienced  eye  will 
almost  instinctively  grasp  the  character  of  the  country,  but  to 
reconnoitre  successfully,  the  engineer  must  accustom  himself  to  judge 
of  the  relative  heights  and  distances,  which  are  sometimes  very  de- 
ceptive in  appearance,  misleading  inexperienced  eyes.  Looking  up 
a  declivity,  for  instance,  the  rise  appears  to  be  less  than  it  actually 
is;  whilst  looking  down,  the  fall  appears  to  be  greater.  It  is, 
therefore,  always  desirable  to  examine  such  localities  from  both 
points  of  view.  In  a  rolling  country,  when  standing  on  the  summit 
of  one  undulation,  the  depth  of  cutting  or  height  of  embankment 
required  for  the  railway  invariably  appears  to  be  greater  than  it  will 
eventually  be  in  reality.  A  plain  with  a  considerable  rise  towards 
mountains,  when  looked  at  with  a  backing  of  mountains,  will  some- 
times appear  to  be  falling  towards  the  hills  when  in  reality  it  is 
rising,  and  a  view  from  elevated  ground  is  very  apt  to  dwarf  the 
difficulties  that  have  to  bo  met  on  ground  of  a  lower  level.  Again,  the 
inexperienced  eye  is  apt  to  exaggerate  the  difficulties  of  sharp  angles, 
steep  slopes,  and  rugged  rocks. 
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If  maps  of  a  country  exist,  much  is  to  be  learned  from  a  study  of 
them  ;  and  the  power  of  interpreting  a  map  correctly  is  of  infinite 
ralue  to  the  engineer.  It  is  often  possible  to  deduce  very  valuable 
information  from  a  careful  study  of  the  rivers,  their  flow,  their 
position  with  regard  to  each  other,  their  ramifications  and 
sinuosities. 

I  may  instance  the  case  of  the  proposed  railway  from  Mombasa  to 
Lake  Victoria  Nyanza,  about  600  miles  in  length,  through  a  difficult 
and  almost  unknown  part  of  Africa,  rising  from  the  coast  to  a  sum- 
mit level  of  8,500  feet  above  sea  level     Although  the  maps  of  the 
country  were  of  the  most  meagre  description,  yet  a  careful  study  of 
them  enabled  me  to  determine  the  general  direction  of  a  route,  the 
subsequent  survey  of  which  completely  confirmed  the  deductions  I 
had  drawn  from  the  study  of  those  maps.     In  fact,  the  route  adopted 
as  the  result  of  the  survey  was  stated,  in  the  report  presented  to 
Parliament,  to  be  practically  that  which  I  had  proposed  as  the  only 
probable   chance   of   obtaining  an  inexpensive  railway;  the  main 
point  of  difference  being  the  descent  into  the  Lake  Victoria  Nyanza, 
by  which  the  length  of  the  line  was  considerably  increased,  but  the 
gradients  improved.     It  may,  perhaps,  be  useful  to  mention  some  of 
the  more  prominent  deductions  that  may  be  made  by  a  study  of 
maps.     First,  sinuosities  of  a  tolerably  regular  character,  combined 
with  a  fairly  straight  direction  of  the  general  direction  of  the  river, 
as  shown  at  A  A,  Fig,  1,  PUite  I.,  indicate  the  existence  of  a  valley 
flat  in  cross  section,  with  no  great  fall.     Second,  streams  tolerably 
straight  and  fairly  parallel,  without  any  feeders  or  ramifications,  as 
shown  at  BB,  Fig,  2,  Plate  I.,  denote  a  flat  country,  and  if  these 
streams  overlap  the  tributaries  of  another  river,  it  may  be  assumed 
that  the  watershed  is  flat,  and  there  is  no  high  ground  separating  the 
dififerent  drainage  areas.    Short  feeders  with  ramifications,  as  at  CC, 
Fig.  2,  Plate  L,  denote  a  more  rapid  ascent  and  broken  ground. 
The  magnitude  of  this  ascent  may,  to  some  extent,  be  gathered  from 
a  study  of  their  relation  to  the  streams  of  the  adjoining  drainage 
area.     Third,  irregular  bends  with  numerous  ramifications,  especially 
if  they  double  on  themselves,  as  at  DD,  Fig.  3,  Plate  I.,  or  are 
marked  with  small  lakes,  indicate  a  mountainous  country  and  broken 
ground.     Fourth,  the  lowest  portion  of  a  district  is  denoted  by  the 
confluence  of  rivers  towards  that  part,  as  shown  at  E,  Fig,  4,  Plale  I. 
Fifth,  the  highest  portion,  F  (Fig.  5,  Plate  I.),  is  denoted  by  the 
divergence  of  streams  from  that  point.     If  the  ramifications  cease  to 
be  marked,  and  the  space  between  the  ramifications  is  blank  or  only 
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marked  by  one  stream,  this  indicates  the  existence  of  a  plateau  or 
basin.  Sixth,  the  divergence  of  two  streams  originating  at  a  point 
G  {Fig.  6,  Plate  I.)  indicates  the  existence  of  a  ridge,  in  which  there 
is  a  depression  at  G.  Seventh,  when  two  streams  run  parallel  to 
each  other  and  then  diverge,  it  is  probable  the  point  of  divergence 
H  (Figs,  7  and  8a,  Plate  I.)  is  a  low  i)oint  in  the  ridge  between 
them.  Eighth,  when  a  river  divides  in  its  downward  course  into 
several  channels,  it  is  an  indication  of  a  change  to  a  flatter  slope  at 
the  point  of  division  K  {Fig.  8,  Plate  I.),  if  it  is  inland,  and  an 
indication  of  a  deltaic  formation  if  it  is  near  the  coast.  A  sudden 
increase  in  the  width  of  the  river  frequently  indicates  that  a  more 
level  tract  has  been  reached.  Ninth,  streams  denoted  in  the  diagram 
by  the  letters  LL  {Fig.  9,  Plate  I.)  indicate  that  they  take  their  rise 
in  the  somewhat  abrupt  and  broken  ground,  and  fall  into  compara- 
tively easy  slope  as  they  approach  the  main  river.  Their  parallelism 
indicates  that  the  spurs  or  undulations  between  the  streams  are 
probably  parallel  and  in  the  same  direction  as  the  streams  themselves. 
Simultaneous  ramifications,  nearly  at  right  angles  to  their  course, 
indicate  depressions  in  the  ridge,  or  undulation,  between  them. 

On  the  right  hand  the  shortness  of  the  feeders  at  M  {Fig.  9, 
Plate  I.)  denotes  probably  a  sudden  rise ;  the  absence  of  feeders  at 
N,  rocks  or  escarpment ;  and  the  ramifications  at  P  broken  ground. 

The  cross  section  of  the  drainage  area  of  Fig.  9  would  probably 
be  somewhat  as  indicated  at  9a. 

To  the  eye  inexperienced  in  reconnaissance,  the  left  bank  would 
probably  afford  the  best  promise  of  an  inexpensive  line,  but  the  cost 
of  rounding  or  cutting  through  the  spurs,  the  expense  of  crossing 
the  numerous  water-ways,  and  possibly  the  greater  liability  to  slips, 
might  possibly  render  it  the  more  expensive  line  of  the  two. 

The  difficulties  of  rocks  and  escarpments,  sometimes  so  formidable 
at  first  sight,  frequently  yield  to  a  successful  study  of  the  means 
of  grappling  with  them.  The  photogi-aphs  of  the  "Sensation" 
rock  {Plate  IL),  the  Mean-Galla  gallery  {Plate  III),  and  the 
**  Perforated  "  rock  {Plate  IV.),  on  the  Ceylon  Railway  incline,  show 
how  some  of  these  difficulties  have  been  surmounted  in  practice;  and 
in  this  case  the  ascent  of  the  mountain  zone  was  accomplished  at  about 
£400,000  less  than  the  estimated  cost  of  another  ascent  far  more 
tempting  at  first  sight,  and  of  a  character  corresponding  more 
nearly  to  that  assumed  in  the  left  hand  of  the  diagram  {Fig.  9, 
Plate  I.). 

For  reconnaissance,  I  have  found  a  small  instrument,  of  French 
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design  and  make,  an  extremely  handy  instrument.  It  consists  of  a 
combination  of  magnetic  compass  and  clinometer  in  two  separate 
rings  mounted  on  the  same  axis,  the  rings  being  graduated  on  their 
edges,  and  a  fine  platinum  wire,  passing  close  to  these  edges,  without 
touching  them,  enables  the  graduation  to  be  read  with  ease  and 
accuracy  by  means  of  a  small  magnifying  glass,  which  closes  a  small 
aperture  in  front  of  that  portion  of  the  gi*aduation  which  is  visible. 
The  instrument  may  be  held  in  the  hand,  but  it  is  so  arranged  that  it 
may  be  readily  socketed  with  an  universal  joint  on  the  top  of  a 
pointed  rod,  which  may  be  stuck  in  the  ground  for  steadiness  of 
oliservation. 

The  most  simple  mode  of  reconnaissance  in  mountainous  country 
is  with  aneroid  barometer  and  compass,  perhaps  supplemented  in 
difficult  parts  by  rough  plane-tabling.  Barometer  readings  cannot, 
however,  be  relied  upon  for  absolute  heights,  though  they  may  be 
used  with  advantage  to  determine  rdcUive  heights  in  reconnaissance  ; 
but  even  then  great  caution  is  required,  for  there  is  a  degree  of 
uncertainty  about  them  in  consequence  of  local  atmospheric  depres- 
sions and  the  diurnal  wave,  which  are  sometimes  embarrassing.  If 
possible,  check  observations  should  be  taken  at  some  fixed  stations 
by  an  independent  observer,  say  every  half-hour  throughout  the 
day  on  which  a  reconnaissance  is  made,  but  even  these  are  subject 
to  error  from  local  variation,  especially  in  stormy  weather. 

In  England  the  diurnal  wave  (shown  in  Plate  V.)  is  of  little 
consequence,  being  insignificant  in  extent,  but  in  the  tropics  it  may 
vary  to  an  extent  equivalent  to  a  difference  of  level  of  bO  or  90  feet 
in  the  course  of  a  few  hours.  Yet  I  have  found  engineers,  engaged 
in  Ijarometrical  observations,  utterly  ignorant  of  the  existence  of 
the  diurnal  wave,  and  consequently  making  no  allowance  for  it. 
The  diurnal  wave  is,  as  a  rule,  at  its  maximum  about  10  or  11  o'clock, 
and  its  minimum  about  4.  The  wave,  however,  varies  according  to 
season,  weather,  and  elevation.  It  has  always  been  my  practice  to 
construct  a  typical  barometric  wave  from  observations  made  when 
halting,  and  to  take  every  opportunity  of  checking  this  typical  wave, 
from  which  I  constructed  a  table  of  corrections  varying  according  to 
the  ho\ir  of  observation ;  and  though  there  must,  of  course,  be  some 
uncertainty  in  such  correction,  yet  on  the  whole  I  have  found  my 
typical  wave  fairly  reliable  and  very  useful. 

In  my  reconnaissances  in  the  enemy's  country,  when  it  was  incon- 
venient, not  to  say  dangerous,  to  dismount,  I  found  it  useful  to  have 
a  field-book  ready  ruled  in  columns  for  date,  time,  barometer  read- 
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ing,  temperature,  etc.,  in  a  special  open-faced  pocket  on  the  outside 
of  the  left  sleeve,  and  also  to  have  my  aneroid  carried  in  a  belt 
similar  to  a  railway  guard's  shoulder  watch-belt,  allowing  the  open 
face  of  the  aneroid  to  show,  thus  enabling  me  to  make  and  record 
the  observations  without  interference  with  my  bridle  hand,  and  to 
avoid  all  danger  on  a  fidgetty  horse  of  dropping  the  aneroid.  In 
this  manner  I  have  been  able  rapidly  to  record  my  obser\'^ations 
without  stopping  my  horse,  whereas  before  I  made  this  arrangement 
1  had  invariably  to  stop  and  dismount,  and  each  observation 
required  a  considerable  time.  The  belt  had  an  arrangement  by 
which  it  could  be  rapidly  shortened  up,  so  as  to  house  the  aneroid 
close  under  the  armpit,  in  order  to  avoid  its  jolting  about  when 
galloping  ;  and  the  pocket  on  the  sleeve  was  protected  from  the  rain 
by  a  waterproof  flap,  which  could  be  buttoned  back  in  fine  weather 
or  when  observations  were  required  to  be  recorded.  The  hyp- 
someter,  or  boiling-point  thermometer,  though  inconvenient  for 
ordinary  observations,  is  a  very  useful  accompaniment  to  the  aneroid 
for  occasionally  checking  it,  as  the  aneroid  is  a  delicate  instrument 
liable  to  get  out  of  order,  and  the  hypsometer  is  portable,  very 
reliable,  and  not  so  liable  to  injury  as  the  mountain  barometer.  It 
should  not,  however,  be  used  with  dirty  or  greasy  water. 

Aneroids  should  not  be  taken  to  a  greater  altitude  than  that  for 
which  they  have  been  graduated.  I  have  known  an  instance  in 
which  expensive  aneroids  were  indented  for,  but  they  were  only 
graduated  for  4,000  feet  elevation,  and  naturally  when  sent  up  to 
7,000  feet  the  vacuum  boxes  were  injured  under  the  decreased 
external  pressure.  Care  should,  therefore,  always  be  taken,  in 
ordering  aneroids,  to  specify  that  they  should  be  graduated  to  an 
extent  equivalent  to  the  maximum  elevation  to  which  they  are  likely 
to  be  taken.  In  some  cases  of  reconnaissance  a  pocket  pedometer 
may  be  useful.  It  may  be  used  on  foot  or  on  horseback,  of  course 
correcting  the  observations  by  measurement  of  the  comparative 
length  of  the  paces  of  a  horse  or  man.  Time  occupied  in  marching 
may  also  give  an  idea  of  the  distance  travelled.  In  one  case  I  took 
a  rough  section  of  a  mountain  pass,  on  a  camel,  by  halting  and 
sending  forward  on  another  camel  an  assistant,  who  counted  the 
number  of  paces  made  by  his  camel.  At  intervals  I  called  upon  him 
to  halt,  and  taking  an  observation  to  him  by  compass  and  clinometer, 
I  then  took  his  place  and  sent  him  on  again.  The  length  of  the 
camel's  paces  was  ascertained  by  measurement  of  the  length  which 
the  camel  covered  in  a  certain  number  of  strides.     The  approximate 
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section,  thus  made  in  &n  extremely  short  space  of  time,  subsequently 
proved  by  instrumental  examination  to  be  a  very  fair  approximation, 
at  all  events  sufficiently  so  for  the  purpose  for  which  it  was 
required,  which  was  to  decide  whether  the  route  through  that  pass 
vas  practicable. 

Forest  and  jungle  present  the  greatest  obstacles  to  either  recon- 
naissance or  location  of  a  railway.  When  it  is  impossible  to  obtain  a 
Tiew  around,  it  may  be  necessary  that  reconnaissance  should  take  a 
form  of  a  trial  survey  more  or  less  complete.  In  such  cases  a  trial 
line  by  compass  may  cut  through  the  forest,  leaving  level  pegs  at 
intervals,  from  which  cross  sections  can  be  extended  on  either  side 
as  may  be  found  necessary. 

Exceptionally  thick  patches  of  bamboos,  cane  thickets  or  thorn, 
which  form  a  dense  and  impenetrable  mass,  may  be  temporarily 
avoided  by  taking  a  parallel  line  round  them,  leaving  the  actual 
trial  line  to  be  completed  at  leisure.  In  some  cases  where  jungle 
paths  or  roads  follow  nearly  the  required  direction,  it  may  save  time 
to  use  them  as  a  base  of  operation  by  running  a  preliminary  traverse 
upon  them. 

Generally  speaking,  a  preliminary  survey  is  required,  in  much 
greater  detail  than  a  simple  reconnaissance,  before  the  line  can  be 
permanently  staked  out.  The  general  plan  of  operations  in  fairly 
easy  and  open  country,  is  to  run  a  theodolite  line  as  nearly  as  possible 
on  the  intended  line,  leaving  the  curves  unstaked,  but  making  the 
intersection  points  of  the  straight  lines  serve  as  a  preliminary  base 
for  the  survey,  which  may  at  first  be  filled  in  by  plane-tabling  or 
ordinary  sxirvey,  as  the  case  may  require.  If  this  line  be  laid  out 
with  intelligence,  it  may  serve  permanently  as  a  staked-out  line,  but 
whether  this  be  the  case  or  not,  it  is  very  desirable  to  leave  on  the 
ground  permanent  records  of  the  work  done,  so  that  any  future 
survey  party  may  take  up  the  work  at  the  point  where  it  has  been  left, 
and  not  to  have  to  start  afresh.  It  is  impossible  to  exaggerate  the 
loss  of  time  sustained  in  taking  up  a  survey  on  ground  previously 
surveyed  if  no  definite  record  can  be  found  on  the  ground ;  and  it 
not  unfrequently  happens  that  old  field-books  are  useless  from  want 
of  a  proper  system  in  keeping  an  index  of  their  contents,  headings  of 
their  pages,  proper  description  of  the  bench  marks,  and  definite 
information  respecting  the  chainage,  if  the  survey  has  been  started 
simultaneously  from  several  points. 

It  frequently  happens  that  construction,  or  even  staking  out,  are 
not  commenced  for  a  considerable  time  after  the  preliminary  survey 
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has  been  made,  and  unless  a  proper  system  of  records  be  observed 
the  results  of  the  preliminary  survey  may,  to  a  gieat  extent,  be  lost, 
for  it  frequently  occurs  that  an  entirely  different  staff  may  have  to 
take  up  the  work. 

In  a  trial  line,  ascending  or  descending  a  valley  in  a  mountain 
range,  when  the  sides  of  the  valley  are  not  much  broken  and  fairly 
straight,  I  have  sometimes  found  it  convenient  to  assume  levels 
representing  the  average  fall  of  the  railway  at  certain  points,  and 
after  fixing  these  points  by  flying  levels,  to  pick  them  up  by  means 
of  a  traverse,  from  which  cross  sections  on  either  side  can  be  taken 
on  side-long  ground.  For  such  cross  sections  I  have  found  a 
clinometer  quite  sufficient,  and  the  cross  sections  are  much  more  ex- 
peditiously made  than  if  taken  by  theodolite  or  level.  In  a  broken 
country  I  have  sometimes  found  it  necessary  to  fix  a  ruling  gradient 
and  then  run  a  preliminary  traverse  line,  following  as  closely  as  pos- 
sible the  contour  at  that  gradient.  In  such  cases,  however,  it  should 
be  remembered  that  the  line  as  set  out  is  generally  shorter  than  the 
traverse  line,  which  consequently  should  be  run  at  a  slightly  steeper 
gradient  than  that  which  is  to  be  ultimately  adopted.  This  traverse 
line  should  bo  closely  followed  by  levels  and  cross  sections  so  as  to 
be  able  to  make  correction  should  the  traverse  be  found  to  be  falling 
either  too  rapidly  or  insufficiently. 

In  a  long  continuous  incline  it  is  convenient  to  introduce  at 
intervals  of  three  or  four  miles  a  short  piece  of  level  about  the 
length  of  an  ordinary  train.  It  eases  the  train  in  ascending  and 
enables  the  driver  to  check  it  in  descending.  It  also  may  frequently 
enable  a  saving  of  work  to  be  effected  by  judiciously  arranging  the 
level  in  such  a  position  as  to  pass  above  or  below  some  difficult 
point. 

When  the  line  has  been  staked  out,  it  is  desirable  to  arrange  per- 
manent marks  in  such  a  manner  that  they  may  not  be  lost  or 
destroyed  during  the  execution  of  the  works.  Bench  piles,  for 
example,  should  be  placed  on  one  side  of  the  railway  at  the  com- 
mencement of  every  important  cutting  and  embankment,  and  near 
every  large  bridge,  in  such  a  position  that  they  are  not  likely  to  be 
disturbed  when  proceeding  with  construction,  and  a  note  of  such 
bench  marks  should  appear  on  the  plan,  giving  the  direction  and 
distance  from  any  given  chainage  peg.  The  tangent  points  of 
curves  should,  in  like  manner,  be  capable  of  being  found  by  cross 
lines  from  pegs  set  out  clear  of  the  work  at  an  angle  of  45**  to  the 
tangent.     The  intersection  and  tangont  pegs  and  all  other  impor- 
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tant  pegs  should   be  protected   by  rough   masonry  built  around 
them. 

In  a  very  long  continuous  incline  on  side-long  ground,  money  may 
be  well  spent,  before  commencing  construction,  in  making  a  bridle 
road  as  nearly  as  practicable  on  the  contour  line  of  the  gradient. 
This  road  will  pass  the  mouth  of  every  cutting  at  formation  level. 

Borings  and  trial  pits  should  be  made  before  commencing  con- 
struction in  order  to  ascertain  the  character  of  the  cuttings  and  the 
depth  of  foundation  of  the  ridges.  A  common  1^-inch  or  2-inch  pod 
angur,  with  rods,  will  enable  borings  for  cuttings  in  soft  material  or 
for  shallow  foundations  to  be  made  in  a  few  minutes,  if  the  material 
be  not  too  hard.  Tube  wells  may  also  be  used  with  advantage  to 
indicate  the  depth  of  a  firm  stratum  and  below  the  surface  ;  they  are 
also  useful  in  ascertaining  whether  water  is  to  be  found  within  depths 
of  26  or  28  feet.  In  sandy  or  gravelly  soil,  if  the  ground  be  not  too 
hard,  the  tube  wells  may  be  driven  with  depths  of  25  to  30  feet  in 
the  course  of  from  three-quarters  of  an  hour  to  an  hour  and  a-half, 
according  to  the  hardness  of  the  ground,  but,  of  course,  they  cannot 
be  driven  through  rock.  For  sandy  rivers  in  which  a  substratum 
of  boulders  or  other  hard  material  is  believed  to  exist,  boring  to 
ascertain  the  depth  of  stratum  may  bo  made  by  means  of  a  gas-pipe, 
about  l-inch  diameter,  which  can  be  rapidly  sunk  by  means  of  a 
small  hand-pump,  water  being  forced  down  the  pipe  to  clear  away 
the  sand  below  the  pipe,  which  is  pushed  into  the  cavity  thus  formed. 
Wlien  deep  borings  are  required,  regular  sets  of  boring  tools  are 
required,  and  a  few  hints  may  be  useful.  If  pipes  should  stick  they 
may  probably  be  started  by  turning  them,  as  indicated  in  Fig,  A, 
Pto«  VI.  The  shear-legs  should  be  as  high  as  possible;  the 
ordinary  three-legged  derrick  is  awkward  and  too  low.  Diagram  at 
A,  PlaU  VI.,  gives  a  sketch  of  a  useful  form  of  scaffolding.  To 
hoist  the  pipe,  use  the  winch  directly  over  the  pipes,  as  in  diagram 
at  B,  Plate  VI. ;  sometimes  a  long  pole,  as  indicated  at  C.  Plate  VI., 
may  be  usefully  employed  in  extracting  the  pipe.  Never  use  rods 
with  a  tool  that  does  not  require  them ;  a  small  wire  rope  is  much 
more  rapid  in  action.  Borings  can  be  taken  from  a  platform  built 
on  two  boats,  as  shown  at  D,  Plate  VI.,  provided  there  is  not  a 
swift  current  or  large  waves;  but  should  these  conditions  not  be 
fulfilled,  a  movement  of  the  boats  will  probably  break  the  pipes 
about  the  ground  line.  In  such  cases  a  pile  staging  will  be  necessary, 
which  would  probably  be  beyond  the  resources  and  out  of  the 
province  of  the  survey  officer. 

M  2 
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Gaxjgk. 

The  subject  of  the  gauge  to  bo  adopted  is  one  which  I  wish  to 
bring  prominently  to  your  notice,  because  it  has  given  rise  to 
more  discussion,  greater  misapprehension,  and  a  larger  waste  of 
money  than  any  other  question  connected  with  railways.  The 
battle  of  gauges  arose  at  a  very  early  stage  of  railway  history, 
when  Brunei  adopted  the  gauge  of  7  feet  for  the  Great  Western 
Railway,  instead  of  the  standard  gauge  of  4  feet  8^  inches,  which 
had  been  adopted  by  Stephenson  as  the  average  of  tramways  on 
which  ordinary  carts  ran. 

The  7-foot  gauge  did  not,  however,  appear  to  commend  itself, 
though  possessed  of  some  advantages  as  well  as  disadvantages,  and 
it  did  not  extend  beyond  the  tributaries  of  the  Great  Western 
Kailway  ;  but  the  disadvantages  of  break  of  gauge  were  found  to  be 
so  great  that  in  1892  the  7-foot  gauge  became  extinct.  About 
24  years  ago,  a  series  of  articles  in  the  Times  stirred  up  afresh  the 
battle  of  the  gauges  in  the  other  extreme.  These  articles  endeavoured 
to  prove  that  the  Festiniog  Railway,  of  the  exceptionally  narrow 
gauge  of  2  feet,  enjoyed  a  prosperity  which  contrasted  most 
favourably  with  that  of  the  broader  gauge  railways  of  Great  Britain. 
The  dividends  of  the  Festiniog  Railway  were  shown  to  be  29 i  per 
cent  on  the  original  capital,  the  percentage  of  expenditure  to 
receipts,  43^,  compared  with  48  of  the  average  English  railways. 
The  dead  load  was  also  shown  to  be  very  small,  compared  with  that 
of  the  rolling  stock  of  the  broader  gauge,  and  the  cost  of  construction 
was  low. 

These  articles  had  the  effect  of  misleading  those  who  were  not 
practically  conversant  with  railway  management,  and  gave  to  the 
public  an  exaggerated  idea  of  the  advantages  of  an  exceptionally 
narrow  gauge.  Several  of  the  Colonial  Governments  having  in  con- 
sequence expressed  a  desire  to  adopt  the  exceptionally  narrow  gauge,  I 
was  deputed  by  the  Secretary  of  State  for  the  Colonies  to  report  upon 
it.  My  first  care  was  to  make  a  careful  analysis  of  the  conditions  under 
which  the  alleged  favourable  results  were  realized.  The  Festiniog 
Railway,  13  or  14  miles  in  length,  had  been  originally  opened  as  a 
horse  tramway  for  the  purpose  of  connecting  a  large  group  of  slate 
quarries  with  the  port  of  shipment.  For  30  years  it  was  worked  by 
horses,  which  drew  the  small  empty  trucks  up  the  gradient  from  the 
port  to  the  slate  quarries.  The  horses  themselves  were  then  carried 
down  in  specially  designed  trucks  with  the  loaded  train,  the  gradients 
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being  such  as  to  allow  the  trains  to  descend  the  whole  length  by 
their  own  gravity  without  any  haulage.  The  Railway  Company 
having  practically  the  monopoly  of  carriage  without  competition, 
was  able  to  charge  2|d.  per  ton  per  mile  for  slate,  whereas  the  rate 
on  ordinary  railways  for  such  freight  was  fd.  to  Id.  The  profits  of 
the  railway  while  it  was  worked  by  horses  was  such  that  the  Railway 
Company  was  able  to  expend  out  of  the  profits  a  sum  of  £50,000  in 
making  such  additions  to  the  line  as  rendered  it  capable  of  being 
worked  by  locomotive  power,  so  that  the  original  capital  did  not  in 
any  way  represent  the  total  cost  of  the  railway.  The  cost  of  loading 
and  unloading  was  undertaken  by  the  respective  agents  of  the 
quarry  owners,  and  not  by  the  Company's  servants,  so  that  there 
were  no  terminal  charges.  The  expenditure  per  train  mile  was 
nearly  double  the  average  of  that  of  the  English  high  speed 
railways,  and  more  than  three  times  as  great  as  that  of  some  of  the 
Irish  railways  of  the  5  feet  3  inches  gauge.  The  percentage  of 
expenditure  to  receipts  was  also  much  higher  than  that  of  some  of 
the  Irish  railways.  The  traffic  was  almost  exclusively  confined  to 
slates,  a  heavy  and  compact  article  of  freight,  for  which  a  small 
truck  had  a  decided  advantage  in  point  of  dead  load.  Other 
exceptional  conditions,  which  I  pointed  out  to  the  Secretary  of 
State,  rendered  any  comparison  with  ordinary  railways  utterly 
absurd.  The  Festiniog  Railway  was  a  very  remunerative  under- 
taking even  when  worked  by  horses,  and  it  would  doubtless  have 
been  easy  to  have  established  the  superiority  of  horse  power  over 
steam  power  were  the  comparison  to  have  been  made  with 
ordinary  railways  on  a  basis  similar  to  that  which  had  been  adopted 
by  the  articles  in  the  Tirnes.  It  must  be  evident,  however,  that  the 
rates  charged  to  freighters,  whatever  they  may  be,  cannot  exert  any 
influence  on  the  working  expenses,  which  must  remain  the  same, 
whether  the  rates  paid  be  2Jd.,  or  Id.,  or  fd.  But  supposing  the 
Railway  Company  to  have  been  forced  by  competition  or  otherwise 
to  lower  their  rates  to  Id.,  the  vaunted  29^  per  cent,  would  have 
been  converted  into  a  deficit,  and  the  expenditure  would  have 
exceeded  the  receipts.  Of  course,  the  rolling  stock  on  an  ordinary 
railway  has  to  be  designed  for  traffic  of  every  description,  whether 
light  or  heavy,  but  the  rolling  stock  that  would  be  economical  for 
slates  would  be  most  extravagant  for  cotton  or  hay,  and  the  rolling 
stock  of  the  Festiniog  Railway,  if  used  for  any  bulky  articles  of 
freight,  would  involve  far  greater  dead  load  than  the  vehicles  of  the 
ordinary  gauge.    But  the  articles  of  the  IHmes  hopelessly  confused  the 
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subject  by  mixing  up  the  question  of  the  live  load  actually  carried, 
and  the  live  load  that  can  be  carried  by  full  loads.  Now  anyone 
who  has  the  slightest  acquaintance  with  the  working  of  railways 
knows  that  the  principal  causes  of  dead  load  are  due  not  so  much  to 
construction  of  vehicles  or  to  the  gauge  as  to  the  character  of  the 
traffic  and  the  difficulty  of  obtaining  full  loads.  The  whole  com- 
parison  was  manifestly  unfair  and  untenable,  and  the  cost  of  working 
the  Festiniog  Railway,  when  due  allowance  had  been  made  for  the 
exceptional  conditions,  came  out  most  unfavourably  compared  with 
the  railways  of  ordinary  gauge.  There  is  no  doubt  that  the 
exceptionally  narrow  gauge  gives  some  advantage  by  allowing  the 
use  of  sharper  curves,  but  this  advantage  is  greatly  exaggerated,  for 
the  difference  in  resistance  of  a  6-foot  rigid  wheel  base  per  degree  of 
curvature  on  the  2-foot  and  the  4-foot  8J-inch  gauge  is  less  than 
1  per  cent,  of  the  gross  weight  of  the  train.  In  fiat  countries, 
where  sharp  curves  are  unnecessary,  the  gauge  makes  no  appreciable 
difference  whatever  in  this  respect.  If  we  analyse  the  question  of 
cheap  construction,  the  advantage  gained  by  a  narrow  gauge  will  be 
found  to  have  been  greatly  exaggerated,  for  a  large  number  of 
items  of  which  the  cost  of  railways  is  made  up  are  not  in  any  way 
affected  by  the  gauge.  For  example,  the  preliminary  expenses- 
cost  of  survey,  the  land,  level  crossings,  fences,  stations,  workshops, 
staff  quarters,  station  machinery,  telegraph,  plant,  and  rolling  stock  - 
required  for  a  given  traffic  are  not  affected  by  the  gauge.  In  the 
earthwork,  the  only  difference  is  in  the  different  widths  of  forma- 
tion, the  slopes  of  cuttings  and  embankments  being  the  same.  The 
difference  is  relatively  less  in  deep  cuttings  or  high  embankments 
than  in  low  embankments.  In  an  embankment  50  feet  high,  the 
difference  due  to  the  gauge  will  probably  be  less  than  I  per  cent. 
In  culverts,  the  two  faces  would  be  the  same  for  both  gauges,  the 
length  of  barrel  being  merely  increased  by  the  difference  in  width  of 
formation.  In  large  bridges,  for  equal  loads  the  difference  would  be 
almost  inappreciable;  in  minor  bridges  the  difference  would  be  very 
small.  The  ballast  and  sleepers  would  show  the  greatest  difference, 
but  with  equal  loads  there  would  be  no  difference  in  the  weight  of 
rails.  It  is  evident,  therefore,  that,  prr^viding  similar  loads  are 
adopted  in  both  cases,  the  economy  effected  by  the  gauge  alone  is 
extremely  small,  and  a  reduction  of  wheel  load  implies  reduced 
efficiency.  But,  even  without  a  reduction  of  the  wiieel  load,  the 
smaller  gauge  may  prove  to  be  more  expensive  in  the  first  cost  In 
one  case  in  which  comparative  estimates  were  made  for  a  branch 
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line,  the  smaller  gauge  proved  to  be  more  expensive  iii  consequence 
of  the  expensive  transfer  station,  the  separate  workshops,  and 
the  increased  reserve  of  rolling  stock  necessitated  by  the  break  of 
gauge.  As  an  instance  of  the  confusion  in  which  this  question  is 
involved,  I  may  mention  that  in  1882,  when  I  was  asked  by  the 
Government  of  India  to  formulate  a  general  opinion  on  the  relative 
cost  of  the  metre  and  5-foot  6-inch  gauge,  I  stated  : — "  It  is  simply 
impossible  to  lay  down  anything  like  a  proportion  between  the  cost 
of  gauges ;  it  will  differ  in  every  individual  case."  In  illustration 
of  this  impossibility  I  assumed  two  very  extreme  cases,  and  I  stated 
that  the  diflference  in  those  cases  varied  between  5  and  33  per  cent. 
I  discovered  afterwards  that  a  witness,  in  evidence  before  the 
Bailway  Committee  of  the  House  of  Commons,  actually  named  me 
as  the  authority  for  the  statement  that  in  a  mountainous  country  the 
excess  cost  of  the  5-foot  6-inch  gauge  over  the  m^tre  gauge  was 
5  per  cent,  whilst  for  a  surface  line,  with  but  little  cutting  or 
embankment,  it  was  33  per  cent.,  a  conclusion  utterlj'  opposed  to 
my  real  views,  which  I  traced  to  an  officer  who  had  carelessly  read 
my  note,  and  had  entirely  misapprehended  its  contents. 

The  break  of  gauge  in  any  country  is  a  very  serious  matter, 
and  the  advantages  to  be  gained  should  be  very  marked  to  justify 
it.  It  is  especially  prejudicial  in  a  military  point  of  view,  as  it 
not  only  gives  rise  to  loss,  confusion,  and  breakage  in  the  transfer 
of  military  stores,  but  it  also  prevents  the  concentration,  in  an 
emergency,  of  the  rolling  stock  of  those  railways  which  are  not  of 
the  same  gauge.  It  is,  moreover,  apt  to  engender  a  want  of  fixed 
policy,  which  is  productive  of  the  worst  results,  and  both  in  India 
and  the  United  States  I  have  seen  the  exceptionally  narrow  gauge 
abandoned  and  replaced  by  the  standard  gauge.  In  one  instance,  I 
witnessed  three  changes  of  policy  in  one  railway  of  100  miles  in 
length.  First  the  materials  were  ordered  out  for  the  5-foot  6-inch 
gauge,  then  the  railway  was  constructed  and  completed  on  the 
m^tre  system,  and  finally  almost  a  new  line  was  constructed  on  the 
5-foot  6-inch  gauge.  In  fact,  there  were,  at  one  and  the  same  time, 
practically  two  railways  existing,  the  m^tre  gauge  carrying  on  the 
regular  traffic,  and  the  5-foot  6-inch  gauge  carrying  the  materials 
for  completing  the  broader  gauge.  I  am  convinced  that  the  loss 
entailed  by  such  changes  of  policy  has,  in  many  cases,  far  exceeded 
any  saving  that  could  be  effected  by  the  introduction  of  the  excep- 
tionally narrow  gauge.  Fortunately,  in  the  case  of  India,  it  has 
been  possible  to  minimize  the  loss  by  the  transfer  of  the  dis- 
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carded  material  and  roUiDg  stock  to  other  railways  of  the  same 
gauge. 

There  is  always  a  tendency  on  the  part  of  managers  and  other 
railway  officers,  on  the  open  line,  to  increase  the  wheel  load,  the 
size  of  the  vehicles,  the  weight  of  the  rails,  and  the  speed.  In  the 
case  of  the  m^tre  gauge  lines  of  India,  which  commenced  with 
small  engines  and  vehicles,  light  rails,  and  slow  speed,  there  has 
been  a  gradual  but  steady  increase  in  the  loads,  necessitating  the 
strengthening  or  renewal  of  bridges,  the  substitution  of  more 
powerful  engines,  larger  carriages  and  wagons,  and  rails  of  a 
heavier  section. 

In  1870,  during  my  absence  on  furlough,  the  Governor  of  Ceylon 
wrote  informing  me  that  the  Colony  had  decided  on  the  adoption  of 
the  3-foot  6-inch  gauge  in  an  extension  of  the  main  line,  which  was 
on  the  5-foot  6-inch  gauge.  I  wi'ote  back  at  once,  strongly  urging  a 
reconsideration  of  the  question,  and  requested  that,  at  all  events, 
comparative  estimates  should  be  made  of  the  cost  of  the  extension 
on  both  gauges.  Subsequently  the  Governor  wrote  to  me  : — "  I 
have  completely  adopted  your  view  that  a  break  of  gauge  would  be 
a  great  mistake."  Comparative  estimates  having  been  made,  proved 
that  the  saving  in  first  cost  of  construction  of  the  3-foot  6-inch 
gauge  would  only  amount  to  10  per  cent,  but  even  this  saving  was 
only  in  first  cost,  and  it  would  have  been  absorbed  by  the  cost  of 
transferring  traffic  when  capitalized.  I  may  also  mention  that  in  the 
Colony  of  Victoria  careful  estimates  were  made  of  the  cost  of  a 
railway  220  miles  in  length  to  determine  the  gauge  upon  which  it 
should  be  constructed,  and  the  comparative  estimates  showed  that, 
after  making  allowance  for  the  cost  of  transfer  capitalized — for  the 
expense  of  changing  station,  and  for  the  additional  reserve  of  rolling 
stock  that  would  be  required  for  a  break  gauge — the  adoption  of  a 
railway  on  the  standard  gauge  of  5  feet  three  inches  would  effect  an 
economy  of  J£4 1,000,  when  compared  with  the  adoption  of  the 
smaller  gauge  of  3  feet  6  inches,  and  subsequent  alternative  tenders 
for  lines  on  both  gauges  showed  the  economy  to  be  effected  by  the 
adoption  of  the  broader  gauge  had  been  under-estimated.  The 
Denver  Eio  Grande  Eailway,  about  850  miles  in  length,  constructed 
on  the  3-foot  gauge  in  the  mountainous  portions  of  Colorado,  has 
always  been  brought  forward  as  an  instance  of  the  successful 
adoption  of  the  smaller  gauge.  The  traffic  being  chiefly  mineral, 
and  compact,  necessarily  renders  a  smaller  gauge  more  suitable  than 
a  broad  one,  but  on  my  last  visit  to  that  railway,  a  few  years  ago,  I 
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found  that  it  had  been  decided  to  alter  it  to  the  standard  gauge,  and 
works  for  that  purpose  were  in  active  progi^ess. 

The  cases  in  which  an  exceptional  gauge  has  been  abandoned,  and 
a  standard  gauge  substituted  for  it,  are  somewhat  numerous,  and 
when  the  change  is  necessary,  it  must  be  done  with  the  utmost  ex- 
pedition, to  avoid  an  interruption  of  the  traffic.  If  the  exceptional 
gauge  be  greater  than  the  standard,  the  change  is  comparatively 
easy  ;  but  to  alter  a  narrow  gauge  is  a  more  formidable  undertaking. 

On  the  Ohio  and  Mississippi  Railway,  preparations  for  the  change 
of  gauge  from  6  feet  to  the  standard  of  4  feet  8^  inches  had  to  be 
made  months  in  advance.  Fortunately  the  bridges  were  of  a 
character  that  required  but  little  alteration — as  a  rule,  little  beyond 
shifting  the  rails  inwards.  The  sleepers  were  all  adzed  to  a  gauge 
on  both  sides,  and  the  inside  spikes  driven  to  a  template.  The 
proper  sleepers  were  put  in  for  the  new  crossings,  and  the  switch 
rods  cut  ready  for  the  altered  gauge.  Where  practicable,  the  new 
points  and  crossings  were  put  in,  but  not  exactly  in  the  position  of 
those  previously  existing,  and  this  was  generally  managed  without 
difficulty.  The  gieatest  difficulty  was  experienced  at  stations  where 
the  complication  of  points  and  crossings  made  it  difficult  to  change 
with  sufficient  rapidity.  This  difficulty  was  sometimes  obviated  by 
the  construction  of  temporary  stations  outside  and  completely 
distinct  from  existing  stations. 

For  the  actual  plate-laying,  the  new  rails  were  all  laid  beforehand  as 
nearly  as  possible  in  position  inside  the  old  rails,  and  the  line  was 
divided  into  sections  of  five  miles  each,  and  to  each  section  60  men 
were  allotted  ;  these  were  sub-divided,  30  commencing  at  the  end  of 
the  section  and  working  away  from  each  other.  The  men  were  in 
gangs  of  10 — 3  being  employed  to  draw  the  spikes,  4  to  place  the 
rails  in  position,  and  3  to  drive  the  new  spikes. 

The  old  rolling  stock  was  cleared  ofif  the  line  at  midnight  on 
Saturday,  and  the  work  of  alteration  commenced  on  Sunday  morn- 
ing at  4  a.m.  The  alteration  of  the  gauge  for  the  whole  distance 
had  been  completed  by  11  a.m.,  or  in  7^  hours  for  the  whole  distance 
of  354  miles,  and  before  6  p.m.  on  the  same  day  trains  consisting  of 
rolling  stock  of  the  altered  gauge  had  run  over  the  entire  line. 

The  alteration  of  gauge  from  m^tre  to  the  5-foot  6-inch  standard 
on  the  Nagpore  Bengal  Railway  was  a  much  more  formidable  task. 
The  alteration  of  the  permanent-way  was  simply  effected  by  the 
use  of  new  steel  transverse  sleepers,  which  were  stamped  with 
double  sets  of  jaws,  so  as  to  hold  both  the  lighter  i-ails  of  the  m^tre 


Digitized  by  VjOOQ IC 


170 

gauge  and  the  heavier  rails  of  the  broader  gauge.  These  sleepers 
were  gradually  substituted  for  the  existing  sleepers  under  the 
m^tre-gauge  railway,  and  when  the  transfer  of  sleepers  ha<l  been 
entirely  completed,  the  new  and  heavier  rails  were  laid  outside  the 
m^tre-p^auge  railway  upon  them  everywhere  except  where  there 
were  sidings,  turn-outs,  bridges,  and  a  few  other  places.  The  altera- 
tion was  thus  easily  effected,  so  far  as  the  mere  change  of  the  per- 
manent-way was  concerned,  but  this  was  only  a  small  part  of  the 
alteration.  The  large  bridges,  one  of  which  consisted  of  9  bays  of 
150  feet  span,  required  entirely  new  girders.  The  change  was 
effected  by  utilizing  the  existing  girders  as  scaffolding  to  erect  the 
new  girders.  Travelling  cranes,  running  on  the  top  booms  of  the 
existing  girders,  were  used  for  the  purposes  of  erection,  and  when 
the  new  girders  had  been  completely  erected  outside  the  old  girders 
they  were  used  to  remove  the  old  girders  in  sections.  The  piers 
of  the  m^tre-gauge  bridge  were  fortunately  of  sufficient  width 
for  the  girders  of  the  broader  gauge.  All  the  girders  of  the 
smaller  bridges  had  to  be  replaced  by  stronger  girders,  and  all 
culverts  and  bridges,  whether  arch  or  girder,  required  alteration  in 
their  wing  walls.  The  new  girders,  rails,  and  sleepers  being 
deeper  than  those  displaced,  it  was  necessary  to  lower  the  bearings, 
and,  in  order  to  do  this,  the  m^tre-gauge  girders  had  to  be  slewed 
from  side  to  side,  and  recesses  were  cut  in  the  masonry  and  then 
filled  in  temporarily  with  wood  packings.  For  bridges  of  20  feet 
span  and  under,  the  new  girder  spans  were  livetted  together 
complete  at  the  dep6t,  the  cross  sleepers  fixed,  levelled,  and  notched 
to  template,  ready  to  receive  the  rails  of  the  mixed  gauge.  A  train 
of  wagons  was  then  loaded  with  them  and  sent  out,  together  with  a 
10-ton  travelling  crane.  On  arriving  at  the  nearest  station  the 
crane,  with  one  or  more  of  the  spans,  was  taken  by  the  engine  to 
the  bridges,  the  line  uncoupled,  the  rails  pulled  up,  the  old  span 
removed  and  put  on  one  side  by  the  crane,  and  the  recesses  in  the 
masonry  being  dressed,  the  new  span  was  placed  complete  on  the 
bridge  by  the  crane,  and  the  old  span  picked  up  and  replaced  on 
the  empty  wagon,  and  the  rails  relaid.  As  many  as  seven  bridges 
were  thus  relaid  in  a  single  working  day.  A  large  number  of  new 
bridges  were  required  where  there  were  diversions.  The  total  cost  of 
conversion  averaged  about  £9,000  a  mile.  Fortunately,  anticipating 
the  possibility  of  a  change  of  policy  regarding  the  gauge  of  railways, 
I  had  designed  the  tunnels  on  the  State  railways  of  a  section  sufficient 
to  take  the  rolling  stock  of  the  5-foot  6-inch  gauge.     No  alteration 
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wa«,  therefore,  requisite  in  the  only  tunnel,  which  was  735  feet  in. 
length,  in  an  exceedingly  hard  rock  containing  corundum. 

It  is  equally  possible  with  any  gauge  to  adopt  large  or  small 
vehicles,  powerful  or  weak  engines,  heavy  or  light  rails,  high  or  low 
speeds.  It  has  been  sometimes  urged  that  practically  light  rails 
cannot  be  used  with  the  broader  gauge ;  but  the  experience  of  the 
Duke  of  Buckingham's  Agricultural  Railway  contradicts  this 
argiiment.  It  was  laid  with  a  standard  4-foot  8i-inch  gauge, 
with  301b.  rails.  The  ordinary  trucks  from  adjoining  railways 
are  drawn  by  special  light  engines  of  about  12  tons  at  a  speed  of 
8  miles  per  hour.  The  ruling  gradient  is  1  in  50,  following  as 
nearly  as  practicable  the  surface  of  the  country.  The  cost  of  this 
railway,  including  land,  was  £1,400  per  mile ;  but  the  tendency  of 
managers  is  generally  towards  an  increase  in  the  size,  weight,  and 
speed  of  vehicles  and  engines,  and  it  is  probable  that  this  line  will 
some  day  be  put  on  the  same  footing  with  ordinary  railways  in 
England. 

The  Manchester  and  Liverpool  Kailway,  on  the  4-foot  8^-inch 
gauge,  was  for  many  years  worked  with  rails  weighing  35lbs.  per  yard. 
The  Great  Western  Railway,  with  7-foot  gauge,  used  a  451b.  rail 
with  longitudinal  sleepers ;  whilst,  on  the  other  hand,  the  Festiniog 
Railway,  with  its  2-foot  gauge,  had,  at  the  time  I  insited  it,  a  481b. 
rail,  which,  I  believe,  was  afterwards  replaced  by  a  601b.  rail.  The 
m^tre-gauge  railways  in  India  commenced  with  a  361b.  rail,  which 
was  gradually  replaced  by  a  421b.  rail,  then  by  a  501b.  rail,  and  the 
tendency  is  still  to  increase  this  weight. 

The  engines  on  the  Manchester  and  Liverpool  Kailway,  with 
which  Pambour  made  his  experiments,  varied  from  8  to  11  tons, 
with  tenders  5^  to  6^  tons ;  but  some  of  the  engines  on  the  m^tre 
gauge  vary  from  20  to  24  tons,  with  tenders  weighing  from  13  to 
15  tons.  On  the  Festiniog  Railway,  at  the  time  I  visited  it,  the 
heaviest  engine  was  19^  tons. 

It  is  necessary,  however,  to  draw  a  distinction  between  the  dis- 
advantages of  a  break  of  gauge  and  the  intrinsic  merits  or  dements  of 
any  particular  gauge. 

It  is  quite  a  mistake,  for  example,  to  designate  the  m^tre  gauge 
"a  toy  railway,"  for  there  is  no  doubt  that  a  very  considerable 
traffic  can  be  carried  with  economy  by  means  of  such  a  railway. 
Too  many,  in  their  dislike  to  the  break  of  gauge,  have  fallen  into 
the  error  of  disparaging  and  under-estimating  the  powers  of  that 
gauge,  which  has  been  obaoxious  to  them,  and  although  personally 
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I  consider  the  introduction  of  the  m^tre  gauge  into  India  a  mistaken 
policy,  it  has  frequently  fallen  to  my  lot  to  take  up  the  cudgels  on 
its  behalf,  and  to  defend  it  from  the  intemperate  and  unfair 
arguments  of  its  opponents.  But  as  the  traffic  of  India  is  to  a 
great  extent  agricultural,  and  consequently  bulky,  I  am  inclined  to 
think  that,  apart  from  the  question  of  a  break  of  gauge,  the  wider 
gauge  is  on  the  whole  better  suited  to  India. 


LECTURE    II. 


Estimates. 


The  roughest  and  most  approximate  estimate  for  a  railway  when 
framed  by  an  experienced  engineer  after  an  inspection  of  the  ground, 
aided  perhaps  by  a  few  aneroid  observations,  although  formed  on 
apparently  slight  data,  will  often  be  found  to  be  surprisingly  near 
the  final  estimate  if  based  on  previous  experience  in  a  similar 
country.  This,  however,  can  only  be  effected  by  men  of  consider- 
able experience,  not  only  in  survey,  but  in  actual  construction,  and 
any  attempt  at  guessing  by  inexperienced  men  may  lead  to  disastrous 
results.  The  next  estimate,  based  on  trial  line  and  section,  should 
not  differ  greatly  from  the  final  estimate.  It  would  probably  be 
rather  larger  than  the  final  estimate,  as  improvements  in  alignment 
and  grading  are  generally  practicable  in  staking  out.  The  final 
estimate  should  approximately  represent  the  actual  expenditure. 
Any  very  large  discrepancy  is  generally  due  to  incompetence  or 
carelessness  on  the  part  of  the  engineer.  An  excessive  estimate  is 
quite  as  great  a  proof  of  incompetence  on  the  part  of  the  engineer 
as  an  insufficient  estimate,  and,  indeed,  it  is  attended  with  more 
mischievous  results,  for  if  an  excessive  estimate  be  made  and 
sanctioned,  the  amount  estimated  will  as  a  rule  be  expended.  An 
exceeded  estimate  is  frequently  due  to  a  want  of  system,,  of  close 
check  on  minor  details,  and  a  failure  to  keep  a  proper  analysis  of 
the  details  of  cost  in  each  item  of  expenditure.  It  is  also  often 
due  to  an  improper  reliance  on  inexperienced  assistants,  and  to 
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defective  information  regarding  the  state  of  the  estimates.  Some- 
times it  happens  that  the  engineer  assumes  the  rate  of  execution  of 
the  earlier  portions  of  the  work  to  represent  the  average  rate 
throughout,  forgetful  of  the  fact  that  as  a  rule  the  further  the 
work  progresses  the  higher  will  be  the  rate  for  execution.  For 
example,  in  a  deep,  rock-bound  cutting,  the  rate  of  cost  per  unit 
in  the  deeper  portions  may  prove  to  be  double  that  of  the  first 
opening  out  of  the  cutting.  Again,  in  a  high  embankment  formed 
from  side  cutting,  the  cost  of  the  upper  portion  will  be  very 
largely  in  excess  of  that  of  the  lower  portion,  not  only  in  con- 
sequence of  the  additional  height  to  which  the  earth  roust  be 
raised,  but  also  of  the  greater  distance  from  which  it  has  to  be 
brought,  and  possibly  from  the  greater  depth  of  the  side  cutting, 
which  may  entail  additional  expense  in  keeping  it  free  of  water. 
The  ultimate  cost,  therefore,  must  not  be  judged  to  be  proportional 
to  the  quantity  of  work  executed,  but  to  the  relative  character 
of  the  work  executed  and  that  to  be  done.  I  have  found  a  very 
useful  rough  check  in  the  form  of  a  printed  monthly  return  to  be 
filled  in  by  the  executive  engineer  in  each  district.  In  this  return 
each  separate  item,  whether  cutting,  embankment,  culvert  or  bridge, 
etc.,  has  a  lump  sum  allotted  to  it,  with  a  column  showing  the 
decimal  proportion  of  the  total  work  executed  to  date ;  this  pro- 
portion being  determined  on  inspection  of  the  character  of  the  work 
done  or  yet  to  be  done,  and  not  solely  by  the  quantity.  For 
example,  although  a  cutting  might  be  half  finished  as  regards 
([uantity^  if  the  remaining  character  of  the  work  were  more  expen- 
sive than  that  done,  the  decimal  proportion  done  might  be  repre- 
sented by  '4.  Every  item  having  thus  been  worked  out  on  this 
basi^,  the  total  can  be  compared  with  the  actual  expenditure  to  date. 
The  engineer  in  his  visits  of  inspection  is  able  readily  to  check  the 
decimal  proportion  which  may  have  been  adopted  by  his  executive,  or 
assistant,  engineer,  especially  when  he  has  the  measurements  to  assist 
him.  For  want  of  such  checks  on  expenditure,  it  has  fallen  within 
my  experience  that  an  engineer  has  sent  in  an  application  for  a  very 
large  increase  to  his  estimate  two  months  after  he  had  reported 
officially  that  he  was  working  well  within  the  estimated  rates.  Such 
a  want  of  proper  control  is  inexcusable  in  an  engineer. 

Excesses  due  to  want  of  foresight  or  care  in  the  preparation  of 
estimates,  or  to  neglect  of  proper  control  or  supervision,  form  fair 
ground  for  dissatisfaction  and  reprehension ;  but  a  careful  examina- 
tion should  be  made  to  ascertain  whether  they  anse  from  such 
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causes.  Too  stringent  dealing  with  excesses,  where  they  can  be 
shown  to  have  arisen  from  causes  that  could  not  have  been  foreseen 
or  guarded  against,  is  apt  to  lead  to  the  preparation  of  excessive 
estimates,  and  the  rise  of  rates  in  a  district  has  sometimes  been  due 
to  the  action  which  forces  the  engineer  to  prepare  estimates  at  rates 
calculated  to  cover  every  possible  rather  than  every  probable  con- 
tingency. 

In  framing  estimates  for  railways,  it  is  of  great  assistance  to 
tabulate  expenditure  under  the  following  heads,  which  may  be 
divided  into  sub-heads  : — 

Preliminary. 

Land  and  compensation. 

Earthwork. 

Large  bridges. 

Minor  bridges  and  culverts. 

Tunnels. 

Level  crossings. 

Ballast. 

Sleepers. 

Permanent-way. 

Station  buildings. 

Staff  quarters. 

Temporary  quarters. 

Offices. 

Station  machinery. 

Workshops. 

Workshop  machinery. 

Telegraph. 

Rolling  stock,  establishment,  contingencies. 

In  preliminary  estimates  much  time  and  trouble  is  saved  by  the 
preparation  of  type  drawings  and  diagrams,  and  tables  of  quantities 
of  earthworks,  bridges,  culverts,  different  heights  in  embankment 
or  cutting,  and  for  approximate  corrections  for  side-long  ground, 
etc.,  etc.  But  it  cannot  be  too  strongly  impressed  on  the  engineer 
that  the  only  way  of  making  a  satisfactory  fined  estimate  is  to  go 
thoroughly  into  every  detail,  working  in  a  definite  and  systematic 
manner,  and  avoiding  as  far  as  practicable  all  guesses  and  uncer- 
tainties. 

The  final  estimate  is  usually  made  after  the  line  has  been  staked 
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out^  trial  pks  made,  borings  sunk  to  ascertain  the  character  of  the 
cattings  and  the  depth  of  the  foundations,  and  when  all  the  detail 
drawings  have  been  prepared.  The  trial  pits  determine  the  slopes 
to  be  adopted  in  cuttings,  and  the  borings  determine  not  only  the 
depth  of  foundation,  but  the  character  of  the  bridge  to  be  adopted. 
Before  any  final  estimate  can  be  safely  made,  it  is  necessary  to 
examine  thoroughly  the  district  through  which  the  railway  is  to  be 
made,  in  order  to  ascertain  its  resources  in  ballast,  brick  earth,  lime, 
sand,  stone  quarries,  fuel  for  brick  making,  water  supply,  etc.,  and 
to  make  the  necessary  experiments  to  determine  the  suitability  of 
such  materials  for  railway  purposes. 

Curves  and  Gradients. 

The  selection  of  ruling  gradients  and  curves  has  an  important 
bearing  upon  the  ultimate  working  expenses  of  the  line.  It  depends 
to  a  great  measure  on  the  physical  features  of  the  country,  and  it  is 
necessary  to  weigh  carefully  how  far  exceptionally  sharp  curves  and 
steep  gradients  should  bo  adopted.  The  saving  in  first  cost  effected 
must  be  carefully  balanced  by  estimating  interest  on  the  additional  cost 
of  work  necessitated,  compared  with  the  annual  increase  inflicted  upon 
the  working  expenses  with  an  assumed  traffic.  This  is  necessarily 
a  question  of  some  uncertainty,  because  many  of  the  factors  involved 
are  indeterminate.  As  a  general  rule,  it  may  be  said  that  it  is  un- 
desirable to  adopt  a  steeper  gradient  than  1  in  100  for  single  engine 
gradients,  or  1  in  40  for  double  engine  gradients.  It  is  better  to 
avoid  the  division  or  breaking  up  of  a  train ;  and  a  gradient  of 
about  1  in  100  or  120  will  enable  a  single  engine  to  draw  to  the  foot 
of  the  double  engine  incline  such  a  train  as  it  will,  with  the  assistance 
of  a  heavy  incline  engine,  take  up  a  gradient  of  1  in  40  at  the 
diminished  speed  generally  necessary  on  a  double  engine  incline. 

The  ruling  gradient,  of  course,  limits  the  useful  load  that  an 
engine  can  take,  but  when  a  ruling  gradient  has  been  adopted  on 
any  section  of  railway,  it  may  be  used  freely  in  that  section  to  save 
work,  because  the  adoption  of  short  rises  and  falls,  which  do  not 
involve  the  use  of  breaks,  does  not  materially  increase  the  working 
expenses.  This,  however,  is  not  the  case  with  curves  of  minimum 
radius,  which  should  not  be  used  if  the  saving  effected  by  them  is 
but  slight.  The  use  of  curves  of  fairly  large  radius,  however,  does 
not  materially  affect  the  working  expenses,  and  it  is  a  great  mistake 
to  incur  heavy  expense  for  the  sake  of  adhering  to  a  dead-straight  line. 
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It  is  very  desirable  to  make  allowance  for  the  retarding  influence 
of  curves  on  the  ruling  gradient  by  flattening  it  where  they  occur, 
but  this  is  useless  unless  it  can  be  done  with  every  curve  of  minimum 
radius  that  occurs  on  the  ruling  gradient.  This  becomes  practically 
impossible  on  those  inclines  which  are  laid  out  mainly  in  curves,  for 
if  a  single  curve  of  minimum  radius  be  on  the  ruling  gradient,  it 
limits  the  tractive  power  of  the  engine,  thus  practically  ruling  the 
load  throughout  that  section. 

It  is  very  necessary  to  insert  a  short  piece  of  straight  between 
every  reverse  curve.  An  objectlesson  on  this  point  was  gained  on 
the  Ceylon  incline,  over  which  some  runaway  wagons  passed  safely 
for  several  miles  of  almost  continuous  curve,  but  ran  off  the  rails  at 
the  only  place  at  which  the  precaution  of  inserting  the  prescribed 
length  of  straight  between  two  reverse  curves  had  been  inadvertently 
neglected.  When  exceptional  gradients  are  adopted,  it  is  desirable 
to  confine  them  as  far  as  practicable  to  one  incline  or  group  of 
inclines ;  scattered  lengths  3f  exceptionally  steep  gradients  involve 
difficulty  and  expensive  working,  and  the  adoption  of  exceptionally 
sharp  gradients  in  both  directions  gives  rise  to  complication. 

In  a  double  engine  gradient,  if  the  incline  is  fairly  continuous,  the 
safer  plan  is  to  work  with  one  engine  pushing,  the  more  powerful 
engine  being  in  front.  With  two  engines  in  front  of  a  train  the 
strain  on  the  draw-bars  is  so  severe  that  the  train  may  part  and 
cause  a  serious  accident  from  escape  of  the  vehicles  down  the  incline. 

For  pushing,  the  train  should  be  furnished  with  a  self-acting 
signal,  actuated  by  compression  of  the  buffers  near  the  middle  of 
the  train,  so  as  to  indicate  to  the  driver  whether  the  following  engine 
is  doing  more  or  less  than  its  fair  share  of  the  work. 

As  an  object-lesson,  I  may  mention  that  the  front  engine  on  an 
incline  of  1  in  45,  going  round  a  sharp  curve  of  660  feet  radius, 
suddenly  ran  into  a  landslip,  and  the  driver  of  the  following  engine, 
unaware  of  the  fact,  did  not  shut  off  his  steam ;  but  the  only  result 
was  that  the  buffers  were  compressed,  and  the  engine  puffed  heavily 
and  stopped  without  doing  any  injury. 

In  descending  the  incline,  the  two  engines  should  be  placed  in 
front.  In  Ceylon  the  system  of  breaking  for  the  descent  of  the 
incline  was  arranged  by  hanging  561b.  weights  on  the  break  levers 
of  the  wagons  in  sufficient  number  to  hold  the  train  on  the  incline, 
thus  leaving  the  engine,  tender,  and  brake-van  brakes  available  in 
case  of  any  emergency.  This  system  was  in  operation  for  more 
than  20  years  without  a  single  failure. 
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On  one  incline  hi  India  w6rked  on  this  system,  I  adopted  a  short 
"test  incline  "  of  the  same  gradient  as  the  main  incline,  followed  by 
a  short  piece  of  level,  the  object<  of  which  was  to  enable  the  engine 
to  draw  up  before  entering  on  the  main  incline  and  add  more  weight 
should  the  amount  of  weight  hung  on  the  breaks  be  insufficient  to 
require  a  slight  haulage  on  the  test  incline. 

When  the  natural  features  of  the  country  are  such  as  to  prevent 
the  easy  construction  of  a  locomotive  gradient,  it  may  be  necessary 
to  have  recourse  either  to  the  expedient  of  corkscrew  loops,  as  on 
the  St.  Gothard  Eailway,  in  which  the  line  crosses  over  itself  in 
order  to  gain  length  for  an  even  gradient ;  or  to  adopt  a  rack  rail- 
way, as  in  the  Hartz  Mountains ;  or  a  rope  incline,  as  in  the  Sao 
Paulo  Railway  ;  or  reversing  stations,  such  as  those  adopted  on  the 
Great  Indian  Peninsula  Railway.  The  corkscrew  system  is  generally 
ver}'  expensive,  involving,  as  a  rule,  considerable  length  of  curved 
tunnels,  but  in  some  cases,  where  the  country  lends  itself  to  this 
mode  of  construction,  it  may  be  adopted  with  advantage. 

Although  gradients  of  1  in  25,  or  even  steeper,  are  occasionally 
worked  by  ordinary  locomotives,  the  tractive  power  of  which  is 
dependent  upon  the  adhesion  of  the  wheels,  yet  in  gradients  much 
steeper  than  1  in  40  it  becomes  so  expensive  as  to  be  almost  pro- 
hibitive, because  the  weight  of  the  engine  necessary  to  secure  proper 
adhesion  is  so  great  that  a  large  portion  of  the  power  is  consumed 
in  raising  its  own  weight,  especially  in  those  countries  which  are 
exposed  to  frost. 

The  most  improved  form  of  rack  railway  is  the  "  Abt-system,"  in 
the  locomotives  of  which  the  adhesion  and  the  rack  gear  can  be 
used  either  separately  or  in  combination,  so  that  on  level  portions 
of  the  line  the  engine  may  run  at  higher  speeds  working  by  adhesion 
only,  but  using  the  adhesion  and  rack  in  combination  on  those 
portions  of  the  line  where  the  rack  is  laid. 

In  a  comparison  I  made  between  the  Abt  engine  and  a  double 
bogie  engine  working  in  the  ordinary  manner  by  adhesion,  the 
whole  weight  being  available  for  adhesion,  I  found  that  taking  y^  ^ 
the  co-efficient  of  adhesion  in  frosty  weather,  the  comparative  efficiency 
of  the  two  engines  was  as  follows  :— ^On  a  gradient  of  1  in  40  the 
relative  efficiency  of  the  Abt  engine  was  2*57  to  1,  on  1  in  25  it  was 
316  to  1,  on  1  in  20  3*74  to  1,  and  on  1  in  15  611  to  1.  The 
co-efficient  of  adhesion  sometimes  falls  far  below  ^  when  ice  has 
been  formed  on  the  rails.  Of  course,  it  may  be  increased  by  the 
use  of  sand,  but  this  entails  wear  of  rails  and  tyres. 

N 


Digitized  by  VjOOQ IC 


178 

Figs,  2,  3,  and  4,  PkUe  VIL,  show  the  form  of  the  rack  and  its 
relation  to  the  rails.  Fig.  5  shows  a  single  rack-bar.  The  nomber 
of  racks  may  be  varied  according  to  the  load  to  be  taken.  For 
example,  if  three  racks  be  necessary  on  a  gradient  of  1  in  16,  one  of 
the  racks  may  be  dispensed  with  on  gradients  of  a  somewhat  lighter 
character.  It  will  be  seen  that  the  rack  bars  are  "  staggered/'  that 
is,  they  are  so  arranged  that  the  teeth  of  one  rack  are  slightly  in 
advance  of  those  of  the  adjoining  rack;  the  racks  being  separate 
and  in  short  lengths,  can  easily  be  taken  out  and  replaced  by  others 
in  a  few  minutes  in  the  event  of  accidents  or  wear  of  teeth. 

Figs  7,  8,  and  9,  Plate  YIII.,  give  a  general  idea  of  the  locomotive, 
the  details  of  the  pinion  being  shown  at  Fig.  10,  PldU  VIII.  | 
The  teeth  are  on  three  separate  rings,  any  one  of  which,  in  case  of 
injury,  can  be  replaced  in  a  short  time  without  difficulty.  The 
diagram  at  the  bottom  of  PkUe  YIII.  represents  the  wear  of  the 
pinion  teeth  of  the  locomotive  after  seven  years'  work  and  68,000 
miles'  run  on  the  Hartz  Mountain  Railway  with  ruling  gradients  of 
1  in  16^. 

Based  on  the  experience  of  seven  years,  it  is  estimated  that  the 
teeth  of  the  pinion  will  last  twelve  years  without  the  necessity  of 
renewal,  and  those  of  the  rack  more  than  100  years. 

Figs,  11,  12,  and  13,  Plate  JX.,  show  the  details  of  the  entering 
tongue,  which  is  supported  on  springs ;  the  teeth  being  cut  away 
near  the  point  of  the  tongue  to  .allow  the  pinion  to  enter  the  rack 
without  jar.  Fig,  14,  Plate  IX.,  shows  the  arrangement  at  points  of 
crossings,  but  as  a  rule  such  an  arrangement  is  unnecessary,  as 
points  and  crossings  should,  if  practicable,  be  arranged  to  be  nearlyi 
if  not  quite,  on  the  level,  or  at  all  events  on  such  a  gradient  that 
the  rack  may  be  dispensed  with.  The  wear  of  the  rails  on  an 
incline  worked  on  the  Abt  system  is  very  much  less  than  when 
worked  by  the  ordinary  system ;  the  slipping  of  wheels  is  to  a  great 
extent  avoided,  and  the  use  of  breaks  on  the  rails  is  greatly  lessened,  ! 
because  so  much  of  the  breaking  can  be  done  by  means  of  the 
rack  and  pinion.  An  experimental  line  on  the  Abt  system  was  laid 
down  in  India  on  a  gradient  of  1  in  25,  but  the  experiment  was 
altogether  mismanaged.  The  length  of  the  line  laid  down  (only 
one  mile)  was  too  short  for  the  purpose  of  experiment ;  the  speed  | 
was  greater  than  that  for  which  the  engines  were  designed,  and  in 
most  of  the  experiments  it  'was  got  up  before  reaching  the  rack,  so 
as  to  take  the  incline  with  a  rush,  and  on  one  occasion  the  experi- 
ment was  so  carelessly  conducted  that  the  pinion,  on  entering  the 
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rack,  was  in  backwurd  gear  while  the  adhesion  cylinders  were  in 
forward  gear.  It  was  impossible,  therefore,  to  deduce  any  practical 
coDclusiong  from  an  experiment  thus  conducted,  but  the  Hartz 
Mountain  Railway,  with  its  gradients  of  1  in  16  J,  has  proved  such 
a  success  that  u  large  number  of  railways  have  been  constructed  on 
the  Abt  system  with  minimum  curves  varying  from  100  to  600  feet 
I'adius. 

Although,  in  some  moimtaiu  lines  for  passengers,  gradients  of  1  in  4 
have  been  adopted^  1  iu  15  or  16  would,!  think,  appear  to  be  about  the 
practical  limit  of  the  Abt  system.  In  cases  where  the  question  of  the 
ordinary  or  the  rack  system  has  to  he  decided,  the  relative  length 
must  be  taken  into  account.  It  is  not  in  all  cases^  however,  that  a 
saving  in  length  can  be  obtained  by  a  steeper  gradient.  In  a  moun- 
tain range  the  length  may  be  in  direct  proportion  to  the  gradient, 
and  the  saving  in  first  cost,  in  time  of  ascent,  in  safety  of  working, 
and  in  economy  of  mainteDance  and  general  expenses,  may  turn  the 
scale  in  favour  of  a  shorter  but  steeper  ascent.  One  advantage  of 
the  Abt  system  is  that  as  the  machinery  working  the  rack  is  entirely 
distinct  from  that  which  works  the  ordinary  wheels,  the  rack  can 
be  discontinued  where  the  gradient  does  not  require  it,  and  thd 
locomotivo  can  rue  at  higher  speed  on  those  parts.  The  quadruple 
blast  at  slower  speed,  when  the  pinions  are  at  work,  enables  steam 
to  be  made  as  rapidly  as  when  the  engine  is  travelling  at  a  greater 
gpeed. 

In  the  Bore  Ghat  and  Thtil  Ghki,  in  India,  are  to  be  found 
instances  of  the  adoption  of  zig-zags  with  reversing  stations,  where 
the  natural  features  of  the  country  have  rendered  it  difficult  to 
carry  out  a  continuous  gradient*  The  ruling  gradient  of  the  Bore 
Ghat  incline  is  1  in  37.  Plate  X.  ivilJ  give  a  fair  idea  of  the 
reversing  station.  The  arrangement  is,  however,  one  which  should 
he  avoided  if  possible  ;  it  not  only  entails  loss  of  time  in  changing 
the  ongiEic  from  front  to  rear  of  the  train,  but  it  involves  a  con- 
siderable element  of  danger  from  over- running  the  end  of  the 
revei"8ing  station  in  slippery  weather,  should  the  driver  happen  to 
lose  control  of  his  train ;  for  when  once  a  train  on  a  steep  incline 
has  ext^eeded  a  certain  speed,  it  becomes  exceedingly  difficult  to 
regain  control. 

Plate  XI.  show^s  the  residts  of  an  accident  from  tliis  cause. 
Fortunately  this  accident  occurred  to  a  goods  ti-ain,  and  the  loss  of 
life  was  comparatively  small,  I  may  add  that  the  train  in  which 
the  Government  insijecting  officer  was  conveyed  to  the  spot  to  inves- 
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tigate  the  cause  of  the  accident  was  in  some  danger  of  a  similar 
accident,  the  driver  having  lost  control  of  his  train  and  regained  it 
with  some  difficulty.  Since  that  time  a  catch  siding  has  been  con- 
structed a  short  distance  above  the  reversing  station.  This  siding 
is  on  an  extremely  sharp  gradient,  rising  iu  a  direction  opposite  to 
the  fall  of  the  main  incline,  and  unless  a  descending  train  is  brought 
to  a  stand-still  before  reaching  its  points,  it  is  turned  into  the  catch 
siding.  It  is  questionable,  however,  whether  this  would  not  be  an 
element  of  danger  if  the  train  out  of  control  should  acquire  a  very 
high  speed.  The  sudden  switching  out  sideways,  combined  with 
the  reversal  of  the  gradient,  would  be  very  liable  to  wreck  a  train  at 
high  speed. 

The  employment  of  continuous  breaks  on  this  incline  has,  how- 
ever, rendered  it  far  loss  dangerous.  A  zig-zag  should,  however, 
always  be  avoided  if  practicable,  and  in  most  cases  it  may  be  avoided 
somehow  or  other. 

A  very  sudden  change  ^  of  gradient  descending  on  to  a  bridge 
should  be  avoided.  Bridges  are  frequently  at  the  lowest  point  of 
that  portion  of  the  line  in  which  they  are  situated,  and  thus  it  often 
happens  that  a  bridge  is  the  natural  place  for  a  change  of  gradient, 
and  when  this  is  the  case  there  should,  if  possible,  be  a  short  portion 
of  level,  or  nearly  level,  of  sufficient  length  to  take  the  whole  of  the 
train  before  the  bridge  is  reached. 

Under  conditions  of  a  special  character  it  may  be  desirable  to 
have  recourse  to  a  rope  incline,  of  which  the  Sao  Paulo  incline  in 
Brazil  is  a  fair  specimen.  The  country  at  a  short  distance  from  the 
coast  rises  abruptly  by  a  precipitous  escarpment  to  a  plateau  of 
2,700  feet  above  the  level  of  the  sea.  This  escarpment  has  been 
surmounted  by  a  series  of  inclines,  each  varying  in  length  from 
6,000  to  7,000  feet,  extending  over  5  miles,  at  a  gradient  of 
I  in  9f.  The  length  of  a  locomotive  line  of  1  in  40  to  reach  the 
same  point  would  be  about  four  times  its  length,  its  cost  about  three 
times  as  great,  the  time  occupied  in  ascent  2^  times  as  great,  and 
the  working  expenses  about  the  same. 

It  does  not,  however,  always  happen  that  a  saving  in  length  can 
be  effected  by  an  exceptionally  steep  gradient.  In  ascending  the 
mountain  zone  of  Ceylon  I  found  that  a  steep  rope  incline  would 
effect  no  saving  in  length  compared  with  a  locomotive  incline  of 
1  in  45. 

The  Sao  Paulo  incline  is  worked  on  the  "  Tail-end  system,'*  in  which 
one  train  takes  down  one  end  of  the  rope  whilst  the  other  end  ascends. 
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The  line  has  three  lines  of  rails  on  the  upper  ^hsilf.  of  the  incline 
and  two  on  the  lower  portion,  below  the  passing  place,  as  shown  iiji 
Fig,  A,  Plade  XII.,  at  A.  The  arrangement  of  the  engine  head  is  shown 
at  B,  Plaie  XIL  The  length  of  the  train  is  limited  to  three  wagoiu 
and  the  incline-lnake-car,  the  gross  load  being  40  tons,  and  the 
paying  load  only  21  tons.  The  capabilities  of  the  incline  are 
limited  to  about  1,700  tons  per  day  of  10  hours;  the  rope  is 
4  inches  in  circumference. 

During  the  construction  of  the  Kojak  tunnel  in  Beluchistan  it 
became  necessary  to  have  recourse  temporarily  to  a  very  sharp  rope 
incline,  so  that  the  construction  of  the  railway  might  be  pushed 
forward  for  military  purposes,  pending  the  completion  of  the 
tunnel.  The  steepest  of  these  inclines  was  1  in  2^,  with  a  vertical 
rise  of  600  feet;  the  descent  on  the  other  side  vwas  1  in  2 J.  The 
wagons  were  shunted  on  to  a  specially  designed  incline  car,  capable 
of  bearing  one  wagon  only  (or  a  locomotive  if  required),  on  a  hori- 
zontal platform  as  shown  in  the  diagram  at  E,  Plaie  XIL  As  it  was 
of  importance  to  complete  the  work  in  the  least  possible  time  and  in 
the  most  inexpensive  way,  it  was  decided,  in  order  to  save  rock 
cutting,  to  avoid  the  use  of  self-acting  switches,  and  to  simplify  the 
shunting  arrangements  at  the  top  and  bottom  Qf  the  incline,  that 
two  distinct  lines  of  rail  should  be  laid,  the  centres  of  which  were 
only  6  inches  apart,  except  where  the  cars  passed  each  other  as  shown 
at  C,  Plcde  XII.  At  the  point  a,  the  rope  was  allowed  to  drop  into  a 
gap  in  the  rail,  as  indicated  in  the  diagram  in  detail  at  a,  Plate  XIL, 
assisted  to  do  so  by  tapering  wood  guides,  and  the  two  sets  of  rails 
were  carried  on  two  longitudinal  baulks,  shown  at  D,  bolted  down  to 
concrete  blocks.  The  rollers  were  about  30  feet  apart,  but  vertical 
rollers  were  only  used  at,  and  about,  the  passing  places,  the  incline 
being  perfectly  straight  elsewhere.  The  rope  was  4  J  inches  in 
circumference,  was  worked  by  means  of  a  locomotive  engii^ie 
temporarily  made  stationary  at  the  summit  of  each  incline,  and 
geared  down  to  give  proper  speed  with  a  Fowler  clip  drum.  The 
arrangement  was  in  operation  for  three  years,  the  maximum  amount 
carried  by  it  in  one  direction  being  45,000  tons  in  a  year,  6,000  in 
a  month,  and  580  in  a  day. 

To  put  any  system  of  hand  brake  on  the  car  would  have 
necessitated  a  bmkesman  on  the  car,  and  a  self-acting  brake  would, 
in  my  opinion,  have  involved  a  risk  of  accident,  and  as  the  incline 
was  designed  only  for  the  railway  materials  and  munitions  of  war,  I 
decided'  that  the  cars  should  not  be  furnished  with  any  brake 
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arrangement,  and  that  on  no  account  was  any  person  to  be  allowed 
to  travel  npon  the  car. 

Rope  traction  has  been  used  with  various  satisfactory  results  for 
tram-cars  in  streets.  The  rope  is  carried  in  a  conduit  below  the 
street,  and  supported  on  pulleys  at  intervals,  and  the  cars  are  con- 
nected to  it  by  grips  which  pass  down  into  the  conduit  through  a 
slot  in  the  roadway  between  the  rails.  The  conduit  itself  is 
generally  constructed  of  concrete,  and  the  depth  varies  from  some 
16  inches  to  about  3  feet.  The  slot,  which  has  a  width  of  from 
f  to  1^  inch,  is  formed  of  rolled  bars  of  a  Z  or  L  section,  supported 
every  three  or  four  feet  on  cast-iron  or  forged  yokes,  to  which  they 
are  firmly  bolted.  Sometimes  the  running  rails  are  connected  to 
extensions  of  these  yokes,  whilst  in  others  they  merely  rest  on  the 
concrete  bed  and  are  connected  by  means  of  tie  bars  at  intervals 
to  the  slot  rails.  Fig.  1,  Plate  XIIL,  shows  the  section  of  the 
concrete  in  use  at  Washington,  U.S.A.  Here  the  cast-iron  yokes 
are  very  massive  and  the  conduit  is  deep,  having  a  lining  of 
iron  plates.  The  yokes  weigh  over  3cwt.  each.  Fig,  2,  Plaie 
XIII.,  is  a  section  of  the  cable  conduit  at  Birmingham.  The  yokes 
are  built  up  of  steel  T  bars  stamped  to  required  shape.  Fig.  3  is 
a  section  of  the  conduit  at  Brixton.  These  yokes  are  of  cast 
iron  and  weigh  rather  less  than  one  hundredweight.  In  all 
these  sections  one-half  shows  the  yoke  and  the  other  half- 
section  is  through  the  intermediate  concrete.  The  black  circle 
«hows  the  position  of  the  rope  on  the  pulley,  whilst  in  No.  2  the 
upper  circle  shows  the  position  of  the  rope  when  in  the  grip.  The 
slot  rail  in  No.  3  is  the  patent  of  Mr.  Colam.  The  cable  varies 
from  ^-inch  diameter  in  short  lines  to  about  1^-inch  diameter  in 
larger  lines,  and  can  be  easily  worked  to  a  distance  of  two  miles 
from  the  power  station,  or  about  four  miles  of  rope.  The  ropes  are 
of  medium  quality  of  steel  with  a  hemp  cord  to  give  flexibility, 
and  with  "  Lang's  lay." 

'*  Locked  lay  rope,"  that  is,  with  special  section  of  wire  formed  so 
as  to  interlock,  has  been  tried,  but  I  believe  difficulties  were 
experienced  in  its  use,  chiefly  in  splicing. 

The  cable  is  supported  on  two  classes  of  pulleys,  generally  known 
as  "  carry  pulleys  "  and  "  curve  pulleys."  Carry  pulleys  are  used  to 
support  the  rope  on  straight  portions  of  the  line  or  on  very  flat  curves ; 
they  are  usually  from  12  to  18  inches  diameter  on  the  bearing  sur- 
faces, and  run  on  a  horizonta]  axis  at  right  angles  to  the  slot.  Fig.  4, 
Plaie  XIIL,  shows  one  of  these  carry  pulleys  and  the  man-hole  and 
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pit  for  its  accommodation.  Fig.  5  gives  a  similar  view  of  a  curve 
pulley.  This  is  used  on  curves  to  keep  the  rope  from  coming  in  con- 
tact with  side  of  the  conduit.  It  is  drum  shaped,  rather  wider  at 
the  top  than  at  the  bottom,  where  it  has  a  wide  flat  flange.  It  runs 
on  a  vertical  spindle,  and  is  provided  with  a  lubricating  cup  at  the 
top.  Such  pulleys  vary  in  diameter  from  12  to  24  inches,  and,  as 
well  as  the  carry  pulleys,  should  be  as  light  as  is  consistent  with 
strength.  Close  to  the  upper  end  of  this  pulley  a  flat  bai*  is  shown. 
This  is  intended  to  act  as  a  guide  to  the  grip  and  take  any  side 
thrust  there  may  be  on  it  owing  to  the  tension  of  the  rope  round 
the  curve.  Carry  pulleys  are  spaced  from  30  to  40  feet  apart, 
whilst  the  curve  between  them  does  not  exceed  2  inches.  All  these 
pullers  must  be  arranged  so  as  to  allow  of  easy  lubrication  and 
replacement.  The  position  of  the  cable  in  the  conduit  is  generally 
rather  on  one  side  of  the  slot,  so  that  any  dirt  falling  through  may 
fall  clear  of  the  rope. 

In  addition  to  the  man-holes  at  the  pulley-pits,  there  are  also 
usually  small  hatches  at  two  or  three  points  in  the  line  to  allow  of 
extraction  or  getting  at  the  grip.  The  slot  points  and  crossings  for 
a  cable  rope  are  too  complicated  for  description  here.  The  chief 
point  of  difficulty  to  be  overcome  is  the  support  of  the  moveable 
tongue,  which  must  necessarily  have  a  very  long  overhang,  and  yet 
be  capable  of  supporting  the  heaviest  traffic  in  the  street.  The  grip 
by  which  the  cars  make  connection  with  the  constantly  moving 
cable  is  one  of  the  most  important  points  in  the  cable  tramway. 
Its  design  must  be  settled  at  a  very  early  stage,  as  it  regulates  the 
size  and  depth  of  the  conduit,  the  height  of  the  cable,  and  the 
various  appliances  which  must  be  provided. 

Grips  of  all  patterns  and  methods  of  closing  have  been  tried,  but 
the  most  successful  have  been  those  known  as  "  side-grips,"  that  is, 
with  the  opening  at  the  side,  the  cable  being  held  between  the  upper 
and  lower  jaw.  Fig.  6,  PUUe  XI 1 1.,  shows  a  side-grip,  as  used  on  the 
Birmingham  line.  Here  the  upper  jaw  is  a  fixture,  and  held  by  two 
side  pieces  shown  in  the  other  view  of  it  {Fig,  7).  The  lower  jaw, 
fastening  to  the  centre  plate,  is  moved  up  and  down  by  means  of 
two  levers.  The  first  has  a  range  of  about  3  inches  in  motion, 
whilst  the  second  has  a  much  smaller  but  more  powerful  range, 
and  is  capable  of  adjustment  so  as  to  grip  the  rope  very  firmly. 
The  second  lever  alone  is  used  for  controlling  the  car,  the  first 
being  used  for  picking  up  or  dropping  the  cable  at  the  beginning  or 
end  of  the  line,  or  when  changing  from  one  rope  to  another,  as  at 
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the  centre  of  the  line.  The  grip  jaws  are  lined  with  easily  remove- 
able  liners  of  steel  or  east  iron ;  the  latter  is  preferable,  although 
it  has  a  shorter  Uf e,  because  it  wears  the  cable  less.  .  On  each  side 
of  Fig,  6,  and  in  the  middle  of  Fig.  7,  is  a  small  running  piece ; 
this,  too,  is  usually  of  cast  iron  and  easily  renewable.  It  rubs 
against  the  guard  on  curves,  as  shown  in  section  No.  5.  Small 
pulleys  have  been  tried  on  grips  to  take  the  weight  of  the  rope  off 
the  line  when  the  grip  is  open,  and  the  car  consequently  at  rest^ 
with  the  idea  of  minimizing  the  wear  of  them,  but  these  small 
pulleys  very  soon  clog  with  dirt,  and  stick  and  become  useless,  and 
as  they  entail  an  extra  width  of  conduit  and  greater  clearance  for 
the  grip,  their  use  is  disadvantageous. 

When  it  is  required  to  pick  up  or  drop  the  cable  froiti  the 
grip,  as  at  the  end  of  the  line,  or  whenr  changing  from  one  rope  to 
another,  it  is  usual  to  slew  the  tramway,  and  with  it  the  slot,  to  one 
side  for  a  short  distance,  so  that  the  rope  will  be  drawn  into  or  out 
of  the  grip  as  the  case  may  be.  Fig.  8,  Plate  XI II.,  shows  a  plan 
of  such  an  arrangement,  the  line  of  the  rope  being  dotted.  The 
methods  of  driving  the  rope  vary.  In  America  the  rope  usually 
passes  several  times  round  two  drums,  one  or  both  of  which  are 
driven  by  the  winding  engine.  Fig.  9,  Plate  XIIL,  shows  such  an 
arrangement.  The  objections  are  that  the  tension  of  the  rope  on 
the  first  groove  being  greater,  and  the  wear  thereon  being  also 
greater  than  the  remainder  of  the  grooves,  there  is  what  may  be 
termed  a  back  tension  set  up  in  the  rope,  causing  great  wear  both 
to  the  rope  and  to  the  drum,  and  consequent  loss  of  power.  To 
obviate  this  the  drums  are  sometimes  made  in  two  pieces,  each  having 
three  grooves,  and  these  two  halves  connected  by  a  jack-in-the-box, 
or  arrangement  of  3-bevel  wheels,  to  equalize  the  tension.  Walker's 
differential  pulley  is  another  method  of  meeting  this  objection. 
A  section  of  the  view  of  this  pulley  is  shown  in  Fig.  10,  Plate  XIIL 
Here  the  several  grooves  are  each  formed  on  a  separate  ring  which 
fits  to  the  turned  drum  of  the  pulley.  One  flange  is  loose,  and  can 
be  closed  up  by  means  of  bolts,  thus  pressing  the  rings  together 
and  giving  the  necessary  friction  required  to  drive  the  rope  in 
grooves,  while  at  the  same  time  allowing  independent  motion  when 
any  individual  rope  is  unduly  strained.  In  England  the  method 
shown  in  Fi(/.  1 1,  Plate  XIIL,  is  usually  adopted.  Here  are  only  two 
single  groove  pulleys,  and  the  rope  passes  round  them  in  a  S.  Both 
pulleys  are  driven,  and  they  usually  overhang  their  bearings  so  as  to 
facilitate  putting  the  rope  round  them.     The  grooves  of  the  driving 
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pulleys  are  usually  filled  with  some  substance  to  give  a  good  grip  on 
the  rope,  while  not  hard  enough  to  injure  it.  Wood,  rubber,  leather 
and  rope  have  been  used  with  success,  and  I  believe  also  that  white 
metal  has  given  good  results. 

On  leaving  the  driving  pulleys  the  rope  passes  to  a  tension  gear, 
the  object  of  which  is  to  keep  the  rope  tight,  and  at  the  same  time  to 
give  the  necessary  tension  to  the  driving  pulleys.  It  also  serves  to 
take  up  the  slack  of  the  rope  as  it  lengthens  in  use.  A  tension  gear 
is  shown  in  Fig.  1 2,  Phie  XIII.  It  consists  of  a  large  pulley  mounted 
on  a  truck  and  running  on  a  straight  track.  On  the  track  is  also 
mounted  a  crab,  to  which  the  tail  rope  is  fastened.  This  tail  rope 
passes  over  a  pulley  supporting  a  weight,  or  being  attached  to  a 
spring  at  the  end  of  the  track.  By  means  of  the  crab  the  motion 
of  the  weight  or  spring  can  be  adjusted  as  required  to  take  up  the 
slack  as  the  cable  stretches,  and  thus  to  reduce  the  range  of  motion 
of  the  weight  or  spring.  A  long  cable  will  stretch  50  feet  in  a  very 
short  time  after  being  put  to  work,  and  pieces  have  from  time  to 
time  to  be  cut  out  and  the  ends  re-spliced  as  the  cable  continues  to 
stretch. 

All  the  driving  pulleys  and  pulleys  round  which  the  direction  of 
the  cable  is  altered  more  than  a  very  few  degrees  should  be  of  large 
diameter,  otherwise  the  rope  is  very  soon  destroyed.  Round  sharp 
curves  it  is  sometimes  necessary  to  run  auxiliary  cables  which  are 
driven  at  rather  slower  speed  off  the  main  cable. 

There  are  numerous  points  requiring  special  apparatus,  such  as 
crossing  of  cables,  automatic  release  of  the  grip,  holding-down 
pulleys  at  valleys  between  gradients^  but  it  is  impossible  to  attempt 
to  describe  fully  the  ingenious  arrangements  which  have  been 
devised,  and  which  are  found  to  work  well  in  practice.  Cable 
tramways  are  best  suited  to  a  frequent  traffic  in  which  cars  follow 
one  another  at  intervals  of  a  few  minutes ;  and  where  the  gradients 
are  heavy,  the  rope  being  endless  balances  the  ascending  by  the 
descending  cars,  so  that  the  average  power  required  is  very  litde  in 
excess  of  that  required  for  a  level  road. 

EARTmVORK. 

It  is  a  mistake  to  attempt  to  economize  by  narrowing  too  much 
the  formation-width  of  embankments,  especially  when  ballast  is 
expensive,  for  it  leads  to  great  waste  of  ballast,  which,  in  packing 
the  permanent-way,  is  lost  down  the  slopes  if  sufficient  margin  be 
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not  allowed  for  it.  In  England,  where  land  is  too  expensive  to  con- 
struct embankments  out  of  side  cutting,  the  equalization  of  cuttings 
and  embankments  is  of  importance,  but  in  India  and  other  new 
countries,  where  land  is  comparatively  valueless,  such  equalization 
is  unnecessary.  Embankments  are  chiefly  constructed  from  side 
cutting,  and  unless  they  are  very  high  the  use  of  tip-wi^gons  is 
expensive,  and  the  contents  of  cuttings  often  go  to  spoil.  Tipping, 
moreover,  is  essentially  a  slow  process,  for  the  work  can  only  be 
attacked  at  one  end,  whereas  embankments  formed  out  of  side 
cutting  can  be  commenced  at  all  points  simultaneously  and  thrown 
up  with  great  rapidity.  When  there  is  a  long  stretch  of  embank- 
ment constructed  from  side  cutting,  the  side-pits  should,  as  a  nile, 
be  in  disconnected  sections,  separated  by  a  partition  of  unexcavated 
material  to  prevent  any  rush  of  water  parallel  to  the  line,  which  may 
underscour  the  toe  of  the  slope.  But  a  too  rigid  adherence  to  this 
plan  may  be  inconvenient,  as  in  some  instances  it  may  be  necessary 
to  connect  the  pits  so  as  to  concentrate  the  drainage  and  pass  it  to  a 
bridge  or  culvert. 

When  this  is  the  case  the  connection  should  be,  as  far  as  possible, 
from  the  toe  of  the  embankment,  as  shown  at  A,  Plate  XIV. 
The  bottom  of  the  side  cutting  should  generally  slope  away 
from  the  railway,  and  a  good  berm  should  be  allowed  between  the 
side  cutting  and  the  toe  of  the  slope,  and  the  side  cutting  itself 
should  always  be  trimmed  off  to  a  suitable  slope. 

Clay  in  earthworks  is  often  a  source  of  great  trouble  and  difficulty, 
especially  that  type  of  clay  which  is  termed  the  London  clay. 
Greorge  Stephenson  used  to  say  of  it  that  it  would  rather  run  up-hill 
than  stand  still,  and  this  is  scarcely  an  exaggeration.  I  remember 
one  instance  on  the  Crystal  Palace  low  level  line,  on  which  I  was  en- 
gaged, where  a  high  embankment  was  tipped  out  of  a  London  clay  ' 
cutting  during  a  very  rainy  autumn  which  had  succeeded  a  very  dry 
summer.  The  embankment  assumed  the  form  shown  in  the  diagram 
at  BC,  Pla^  XIV.  A  heavy  retaining  wall  built  at  B,  to  arrest  the 
progress  of  the  slip,  was  pushed  over,  and  I  was  obliged  to  open  out 
trenches  almost  to  the  heart  of  the  embankment,  which  I  filled  up 
with  chalk  brought  in  trains  from  a  distance,  thus  forming  at  once 
counterforts  and  drainage.  The  viscosity  of  this  clay  may  be 
imagined  from  the  fact  that  in  cutting  one  of  these  trenches  under 
what  had  been  the  original  slope  of  the  embankment,  I  found  that 
some  of  the  gravel  that  had  been  used  at  the  top  of  the  embankment 
as  temporary  ballast  during  construction  had  actually  found  its 
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way  down  to  the  original  surface  of  the  ground  as  shown  at  C, 
PUUeXTV. 

In  cuttings,  slips  are  frequently  caused  by  the  accumulation  of 
water  in  catch  drains,  to  which  no  proper  outlet  has  been  pro- 
vided. Sometimes  in  side-long  ground  I  have  carried  the  catch 
drains  up  the  hill-side,  as  shown  at  E  and  E,  Plate  XIV.,  in  longi- 
tudinal and  cross-section  respectively,  thus  not  only  keeping  the 
drain  further  from  the  cutting,  but  also  giving  it  a  much  steeper 
outfall  than  could  be  obtained  by  keeping  it  in  the  usual  manner 
close  to  the  top  of  the  cutting,  as  shown  at  D  and  D.  In  a  long  cutting 
the  catch  drains  should  be  puddled  and  connected  with  the  cutting 
at  intervals  by  large  open  half-round  tile  drains,  or  by  paved  water- 
courses carried  down  the  slope.  Under  certain  conditions  it  may  be 
desirable  to  omit  catch  drains  altogether. 

Slips  on  side-long  ground  are,  of  course,  much  more  likely  to  take 
place  when  there  is  a  general  dip  of  the  strata  in  the  same  direction 
as  the  natural  slope  of  the  ground.  It  is,  therefore,  of  great  impor- 
tance when  constructing  a  railway  on  the  flanks  of  a  valley  to  study 
the  different  strata,  and  unless  there  should  be  some  strong  reason  to 
the  contrary,  to  select  that  side  on  which  the  dip  is  most  favourable. 
The  diagrams  F  and  G,  Plate  XIV.,  being  assumed  as  typical  cases 
where,  at  F,  the  dip  of  the  strata  is  in  the  same  direction  as  the 
general  slope  of  the  ground,  and  it  would  consequently  be  liable  to 
heavier  slips  than  at  G,  where  the  dip  is  opposed  to  the  natural 
slope. 

Plate  XV.  illustrates  the  case  of  a  slip  owing  to  an  almost  imper- 
ceptible seam  of  clay  in  the  rock. 

The  subject  of  slips  in  earthworks  is  one  of  great  difficulty, 
which,  as  a  rule,  receives  from  engineers  less  attention  than  it 
deserves.  In  dealing  with  slips,  as  in  most  questions  connected  with 
engineering,  there  can  be  no  hard-and-fast  rule  of  proceeding.  Each 
case  requires  study,  special  treatment,  and  the  exercise  of  common 
sense.  In  high  embankments  formed  of  hard  materials  the  slopes 
should  not  be  less  than  1^  to  1,  or,  in  small  embankments,  1^  to  1. 
Small  embankments  and  cuttings  in  clay  may  stand  at  a  slope  of 
li  to  1  when  the  height  does  not  exceed  10  or  12  feet,  but  with  the 
greater  height  flatter  slopes  are  necessary,  and  slopes  of  2  or  even 
3  to  1  are  often  needed.  In  London  clay  I  have  known  the  slopes 
of  a  deep  cutting  to  be  as  flat  as  4  to  1. 

Deep  cuttings  and  high  embankments,  however,  should  not  be 
dressed  off  to  one  uniform  slope,  but  should  be  steeper  at  the  upper 
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portion,  flattening  out  towards  the  base,  as  indicated  at  A,  Piatt 
XVL 

^  Cuttings  in  sound  rock  may  stand  almost  perpendicular,  but 
where  the  strata  are  inclined  the  slope  on  one  side  of  a  cutting  may 
be  comparatively  steep,  when  it  may  be  necessary  to  have  a  very  flat 
slope  on  the  other  side.  Indications  of  the  slope  of  different  strata, 
as  well  as  their  character,  should  be  carefully  studied  in  any  trial 
pits  that  may  be  made,  and  the  slopes  be  determined  accordingly. 
But  the  ultimate  slopes  to  be  adopted  and  the  manner  of  dealing 
with  them  can  only  be  decided,  in  many  cases,  after  opening  out  the 
gullet  of  the  cutting.  Some  soils,  especially  those  liable  to  scour 
with  water,  will  stand  better  with  a  steep  slope  than  with  a  flat  one. 

The  chief  object  to  be  obtained  in  dealing  with  slippery  ground  is 
to  provide,  as  far  as  practicable,  free  drainage  to  prevent  the  lodg- 
ment of  water,  and  in  some  cases  to  protect  the  slopes  from  the 
action  of  the  weather  and  the  alternating  effects  of  frost,  rain,  and 
sunshine. 

In  material  of  the  character  of  London  clay,  a  vertical  excavation, 
if  left  to  itself  for  any  length  of  time,  is  apt  to  develop  a  wonderful 
faculty  for  slipping.  The  ordinary  plan  of  running  a  gullet  with 
almost  vertical  sides  for  taking  out  a  cutting  gives  free  play  to  this 
tendency.  As  a  general  rule,  the  development  of  cracks  in  the  clay 
during  dry  weather  allows  lodgment  for  water,  and  the  slips  com- 
mence somewhat  as  indicated  roughly  at  B,  C,  D,  E,  PUUe  XVL  The 
first  slip — a  mass  somewhat  of  the  shape  indicated  at  B — possibly 
scoops  out  the  clay  below  the  formation  level  at  C,  from  which  the 
pressure  has  been  taken  off  by  removing  the  clay  from  the  gullet. 
Water  will  then  accumulate  in  the  rear  of  the  detached  portion,  and 
will  soak  into  the  crevice  between  the  slip  and  the  solid  ground, 
exerting  to  a  certain  extent  hydrostatic  pressure,  and  acting  as  a 
lubricant  in  facilitating  the  descent  of  the  mass.  In  dry  weather 
the  fissure  has  a  tendency  to  open  more  and  more,  and  the  process 
is  repeated.  As  soon  as  the  pressure  is  unbalanced  by  the  removal 
of  the  (JUbriSy  a  second  slip  is  developed  at  D,  and  so  on  in  succession 
at  E,  until  at  length  clay,  that  might  have  stood  at  1^  or  2  to  I  if 
the  slip  had  never  been  allowed  to  develop,  may  assume  slopes  of 
4  or  5  to  1  if  left  alone.  When  once  slips  have  begun  to  develop 
in  this  material  the  only  remedy  is  to  run  in  trenches  at  intervals, 
taking  care  to  go  below  the  bottom  of  the  slip,  as  shown  at  F,  Flalt 
XVI ,  filling  in  the  trenches  with  broken  stone,  or  chalk,  or  slag;  cin- 
ders, ballast,  brick  rubbish,  or  any  other  suitable  material,  and  even 


Digitized  by  VjOOQ IC 


189 

fascines,  are  sometimes  used.  In  such  cases  it  may  be  desirable  to  follow 
as  nearly  as  possible  the  lines  which  the  slip  itself  has  taken,  but  to 
weight  the  lower  portion  so  as  to  balance  the  pressure,  and  after 
cutting  the  necessary  trenches  and  filling  them  in  partially  with 
"hard  material ;  a  portion  of  the  materials  which  have  slipped,  if  it 
be  not  mere  slurr}'^,  may  be  restored  somewhat  as  indicated  in  the 
diagram,  the  upper  line  indicating  the  material  replaced,  the  middle 
line  the  line  of  slip,  and  the  lower  line  the  excavated  trench  partially 
filled  in  with  broken  stone,  etc.,  which  should  then  be  covered  up 
and  made  even  with  the  rest  of  the  slope.  In  some  cases  it  may  be 
desirable  to  pave  the  bottom  of  the  trenches  before  filling  in  the  dry 
material,  or  to  lay  some  ordinary  porous  drain  pipes  below.  A.  bold 
policy  in  this  respect  is  the  least  expensive  in  the  long  rim,  and 
these  trenches  will  act  a  double  part  of  drains  and  counterforts. 
Where  .suitable  material  is  expensive  or  difficult  to  obtain,  some  of 
the  clay  from  the  slip  may  be  burnt  in  the  trenches,  and  in  those 
cases  where  burnt  brick  earth  is  required  for  the  permanent-way  of 
a  railway,  it  is  very  advantageous  to  have  it  burnt  in  trenches  on 
the  slopes  of  any  clay  cutting  that  is  likely  to  give  trouble,  for  the 
operation  of  burning  the  ballast  has  a  two-fold  eifect  of  drying  the 
slopes  and  hardening  them  to  resist  the  tendency  to  slip.  Clay  em- 
bankments which  have  shown  a  tendency  to  slip  have  sometimes 
been  greatly  improved  by  burning  the  clay  at  the  toe  of  the  slope. 
Perforated  pipes  have  been  sometimes  inserted  into  the  sides  of  the 
cutting  for  drainage,  and  sometimes  ordinary  porous  drain  pipes 
such  as  those  used  for  the  drainage  of  land  have  been  laid  down  below 
the  surface  parallel  to  the  slope,  as  shown  at  G,  Plate  XVI.,  the  trenck 
in  which  they  are  laid  being  partly  made  up  with  sand  or  gravel  and 
then  made  uniform  with  the  rest  of  the  slope  with  a  covering  surf  ace 
of  clay.  Sometimes  tarred  wooden  eonduits  filled  with  stones  have 
been  used  in  this  way.  Frost  is  a  very  potent  factor  in  the  com- 
mencement of  slips,  and  some  soils  may  be  improved  by  soiling  or 
by  a  layer  of  gravel  or  ballast.  For  cutting  in  clay  which  behaves 
in  the  manner  I  have  described,  it  may  be  desirable  not  to  work  by 
gullet^  but  to  take  out  the  whole  width  of  the  cutting  in  layers  ;  the 
slopes  should  not  be  one  regiilar  slope,  but  follow  more  nearly  the 
typical  form  that  the  slip  would  naturally  make  for  itself,  as  indicated 
at  F,  Plate  XVI.  Of  course,  the  mode  of  working  by  gullet  is  most 
economical  if  the  material  of  the  cutting  is  to  be  tipped,  but  it  may 
be  less  costly  in  the  long  run  to  prevent  the  development  of  slips, 
which,  when  on«e  commenced,  can  only  be  checked  with  difficulty^ 
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and  where  the  material  from  catting  is  thrown  to  spoil  it  would  he 
far  hetter  to  take  it  out  hy  layers  extending  over  the  whole  width 
of  the  cutting  and  slope. 

But  slips  in  cutting  are  by  no  means  always  developed  during 
construction.  Sometimes  they  are  due  to  disintegration  or  chemical 
changes  in  the  constituent  parts  of  the  soil,  and  do  not  develop 
until  years  after  the  cutting  has  been  completed.  Other  cuttings,  on 
the  contrary,  which  have  manifested  every  indication  of  slipping 
during  construction,  have  become  stable  when  the  soil  has  been 
drained  of  water. 

Some  clays  seem  to  change  their  character  entirely  after  having 
once  been  thoroughly  dry.  I  once  experimented  with  clay  that  had 
been  brought  up  from  a  depth  of  70  feet  below  the  bed  of  a  river. 
It  was  most  tenacious,  and  could  be  cut  with  difficulty,  and  so  long 
as  it  remained  under  water  it  retained  this  character.  When  taken 
out  of  water  it  hardened  like  a  stone,  but  when  once  it  had  been 
thoroughly  dry  it  would,  when  again  immersed  in  water,  disintegrate 
like  brown  sugar,  and  in  the  course  of  a  few  minutes  be  dissolved 
into  an  impalpable  mud.  Some  deep  cuttings  on  the  Punjab 
Northern  Kailway  were  made  through  a  similar  material  which  had 
become  dry.  It  was  woi*se  than  rock  to  deal  with,  almost  as  hard, 
but  blasting  had  little  effect  upon  it,  yet  when  water  fell  upon  it  it 
pielted  away.     Vertical  sides  are  preferable  in  such  a  material. 

Slips  in  gravel,  or  material  which  would  otherwise  naturally  stand 
at  a  fairly  steep  slope  in  cutting,  sometimes  occur  from  the  effects  d 
underlying  water-bearing  strata  of  sand  or  marl,  which,  in  escaping, 
undermines  the  material  above  it,  but  which,  if  restrained  and  pre- 
vented from  escape,  would  support  the  over-lying  strata.  In  sacb 
cases  a  light  wall  with  plenty  of  weep  holes  may  be  adopted  for 
retaining  the  sand,  as  shown  at  H,  Plate  XVI.  When  the  water- 
bearing stratum  is  thin,  it  may  sometimes  be  treated  by  benching 
back  and  draining  by  half-round  tiles  or  paving,  as  indicated  at 
J,  PkUe  XVI.,  the  sand  being  restrained  by  a  covering  of  loose 
stone.  Kock  cuttings,  which  might  otherwise  stand  at  a  steep  slope, 
sometimes  fail  from  a  similar  cause,  and  when  this  occurs  walls  may 
be  built  under-pinning  the  rock  and  retaining  the  water-bearing 
strata,  as  shown  at  K,  Plate  XVI.  But  in  all  such  cases  weep  holes 
should  be  provided.  In  some  cases  a  retaining  wall  may  be  built 
at  the  foot  of  the  slope,  filling  in  the  space  behind  it  with  hard  dry 
material,  well  punned  in  layers  inclined  in  an  opposite  direction  to 
that  of  the  slope,  and  properly  drained,  as  shown  at  L,  PkUe  XVI. 
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In  some  troublesome  cuttings  trenches  iire  stink  parallel  to,  but 
at  some  distance  behind,  the  dope,  as  at  M,  Fhte  XVL,  and 
filled  or  partially  filled  with  loose  material ^  saiid,  or  gravel,  in  order 
to  free  the  soil  from  water,  but  in  the  case  of  long  cuttings  the 
trench  must  be  connected  at  intervals  with  the  cntting  by  cross- 
trenches  of  a  similar  character,  the  main  trencb  having  a  proper 
inclination  towards  the  cross-trenches  to  prevent  the  lodgment  of 
water.  Above  the  dry  filling  the  trench  may  again  be  filled  m  with 
ordinary  material  and  puddled  at  the  top  to  prevent  the  entrance  of 
surface  water. 

It  should  be  remembered  that  when  the  stratum  dii)s  and  is 
interspersed  with  veins  of  water-liearing  silt  or  slippery  clay,  all 
calculations  for  retaining  walls,  bascil  on  the  ordinary  angle  of  repose 
for  that  .particular  soil,  may  be  entirely  at  fault  if  the  angle  of  the 
dip  be  parallel,  or  nearly  so,  to  the  natural  slope  of  t[ie  ground,  a^ 
indicated  at  N,  Plate  XVI.,  for  the  retaining  wall  may  have  to  sup- 
port an  indefinite  weight  of  soil  In  the  cuttings  of  the  L.  &  N.W. 
Railway,  close  to  Euston  Square,  where  the  land  is  expensive,  the 
clay  has  been  retained  by  wall^  strutted  overhead,  as  at  O,  FlaU 
XVI.,  the  walls  being  inverted  lielow.  In  other  positions,  where 
the  cutting  is  not  so  wide,  the  iv;dl  is  supported  at  intervals  with 
counterforts,  as  at  P,  from  which  brick  arches  and  inverts  spring. 
In  other  cases,  especially  in  shaky  rock,  cut  and  cover  may  be 
adopted  which  consists  of  arching  over  the  cutting  and  lilling  it  in 
above  the  arch.  An  instance  of  this,  termed  "  cut  and  cover,"  is 
shown  in  Plate  XVII.  Soil  of  the  character  of  London  clay  should 
not  be  tipped  in  very  rainy  weather,  otherwise  it  will  be  almost 
impossible  to  rid  it  of  water,  and  constant  slips  will  be  the  conse- 
quence. A  high  embankment  shouhl  be  formed  in  sepanite  layei*s, 
the  surface  of  each  layer  be  slightly  rounded  off  so  dn  to  throw  off  the 
rain,  and  left  some  time  for  consolidation  and  drying  before  the  next 
layer  is  super-imposed.  Drain  pipes  should  l>e  inserted  at  intervals, 
as  indicated  in  the  diagram  at  X,  H'Ut  XVI.  When  an  embankment 
is  on  side-long  ground  it  is  necessary  to  bench  the  ground,  as  indicated 
at  Q,  PkUe  XVI.,  but  such  benching  should  be  properly  drained  so 
as  to  prevent  the  lodgment  of  water.  Different  forms  of  drains  in 
cutting  are  indicated  in  diagrams  R,  S,  T,  U,  V  and  W>  Piafs  XVL 
Allowance  must  always  be  made  for  the  consolidation  of  embank- 
ments. This  must  vary  with  the  character  of  the  materia!  and  the 
manner  in  which  the  embankment  has  been  made  up.  Embankments 
constructed  from  side  cuttings  in  the  ordinary  way  are  generally 
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consolidated  by  being  trodden  down  during  construction,  and  require 
less  allowance  than  embankments  that  have  been  tipped.  Where 
a  high  embankment  is  tipped  on  soft  soil,  especially  that  of  a  peaty 
or  boggy  nature,  it  will  sometimes  force  up  before  it  a  huge  wave 
of  soil.  In  such  a  case  the  contents  of  the  embankment  will  berery 
largely  in  excess  of  the  quantities  calculated  from  the  section.  In 
the  majority  of  the  cases  it  is  better  to  allow  such  an  embankment 
to  find  its  own  level,  but  in  very  bad  cases  it  may  be  necessary  to 
have  recourse  to  fascines  to  make  a  foundation  on  which  the  bank 
is  raised.  The  fascines  should  be  in  layers  crossing  each  other  at 
right  angles.  When  a  high  embankment  is  tipped  over  a  culvert,  it 
is  necessary  to  prevent  the  culvert  from  being  overturned  by  un- 
balanced pressure.  If  the  embankment  is  tipped  from  both  ends, 
meeting  at  the  culvert,  one  embankment  will  balance  the  other,  pro- 
vided that  the  tipped  material  approaches  the  culvert  equally  on 
both  sides  ;  but,  if  not,  it  is  desirable  to  carry  forward  the  earth  in 
advance  of  the  tip,  as  shown  at  Y,  Plaie  XVI.,  and  ram  it  in  layers 
on  both  sides  of  the  culvert,  and,  if  the  bank  be  very  high,  to  carry 
out  a  staging  so  as  to  tip  the  material  on  the  other  side  of  the 
culvert  until  the  pressure  on  both  sides  can  be  equalized. 

In  India  there  is  a  black  cotton  soil ;  it  is  supposed  to  be  a  disinte- 
grated trap  rock,  and  has  an  extraordinary  capacity  for  absorbing 
water  during  the  rains,  and  parting  with  it  in  the  dry  season. 
When  wet,  it  assumes  a  pasty  tenacious  consistency,  expanding 
greatly ;  but  in  the  dry  season  it  shrinks,  becoming  hard,  readily 
piilverized,  and  developing  large  and  deep  cracks  in  every 
direction.  Houses  built  upon  it  are  apt  to  crack  and  become 
distorted,  owing  to  the  unequal  expansion  of  that  portion  of 
the  soil  which  is  exposed  to  wet  and  that  which  is  protected 
from  the  rain. 

If  the  depth  of  black  cotton  soil  be  not  too  great,  the  best  plan  is 
to  excavate  down  to  the  firm  subsoil,  removing  the  whole  of  the 
black  cotton  soil  from  the  entire  area  to  be  covered,  filling  in  the 
space  with  either  gravel,  sand,  shingle,  or  other  suitable  material, 
and  after  consolidation,  to  lay  a  stratum  of  concrete ;  or  the  walls 
may  be  founded  on  pillars  built  in  pits  sunk  to  the  firm  subsoil  and 
arched  over  from  pillar  to  pillar,  margin  being  left  in  the  pit  round 
the  pillars  for  filling  in  of  loose  material,  such  as  gravel,  etc.  If  the 
depth  of  black  cotton  soil  be  too  great  for  either  of  these  alterna- 
tives, a  shallow  excavation  may  be  filled  with  loose  material,  giving 
a  wide  margin   round   the  building,  and  after  consolidation  the 
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concrete  base  may  be  formed  on  this.  Framed  bouses  are  more 
suitable  than  ordinary  houses  in  black  cotton  soil. 

For  bridges  in  black  cotton  soil,  screw  piles  may  be  used  with 
advantage  if  firm  subsoil  is  to  be  met  with  within  practicable  depth. 

Some  idea  of  the  expansion  of  black  cotton  soil  may  be  formed 
from  the  fact  that,  on  a  railway  iu  South  India,  a  permanent-way 
inspector  reported  at  the  commencement  of  the  rains  a  serious 
sinkage  in  the  foundations  of  a  bridge,  but  on  levelling  back  to  a 
permanent  bench-mark  to  ascertain  the  amount  of  sinkage,  it  was 
discovered  that  it  was  the  embankment  of  black  cotton  soil  that 
had  expanded  from  the  absorption  of  moisture,  raising  the  perma- 
nent-way bodily  with  it,  and  tlius  giving  the  appearance  of  a  failure 
in  the  foundations  of  the  bridge,  which  were  perfectly  sound. 

Steam  navvies  and  excavating  machines  can  seldom  be  used  on 
railway  construction,  as  their  transport  is,  as  a  rule,  too  expensive, 
and  their  use  too  limited,  to  render  them  generally  available.  It  is 
only  on  very  large  and  concentrated  works  that  they  can  be 
employed  with  advantage.  In  the  United  States  of  America,  light 
scrapers  are  sometimes  employed  in  the  constniction  of  shallow 
cuttings ;  the  ground  is  ploughed  over,  and  four  scrapers,  each  with 
a  pair  of  horses  and  drivers,  work  round  and  round  in  a  circle 
without  stopping,  the  circumference  of  the  circle  on  one  side 
reaching  to  the  centre  of  the  excavation,  and  that  of  the  other  to 
the  part  where  the  soil  is  deposited.  In  soft  soils,  this  plan  is  very 
economical.  For  small  embankments,  horse-scrapers  have  been 
combined  with  endless  bands,  which  carry  the  earth  to  a  receptacle, 
and  when  this  is  filled  it  is  removed  to  the  site  of  the  embankment 
and  the  earth  is  tipped.  These  horse-sci-apers  are  only  suitable  for 
railways  in  prairie  lands. 

In  some  cases,  when  a  large  volume  of  water  has  been  available  in 
the  cutting,  it  has  been  used  to  wash  down  the  contents  of  the 
cutting  into  an  embankment;  but  this  is  generally  difficult  of 
control,  and  only  available  in  very  exceptional  cases,  where  the 
material  is  suitable  and  water  is  available. 

Foundations. 

In  some  localities  a  fiim  soil  for  foundations  cannot  be  obtained 
within  any  reasonable  depth  ;  in  parts  of  the  delta  of  the  Ganges, 
for  example,  the  soil  is  alluvial,  and  the  lower  excavation  is  carried, 
the  worse  the  soil  becomes,  ending  possibly  in  a  cjuicksand,  if  the 
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excavation  be  carried  deep  enough.  In  such  cases,  the  best^  plan  is 
to  excavate  shallow  foundations  only,  and  to  float  the  structure, 
as  it  were,  on  a  monolith  of  concrete  in  cement.  The  thickness 
of  the  concrete  must  be  sufficient  to  prevent  its  fracture  from  unequal 
pressure.  I  have  seen  a  high  building  in  Calcutta,  founded  on  a 
concrete  bed,  indicated  at  A,  Plate  XVIII.,  only  9  inches  thick,  with 
scarcely  any  margin  of  concrete  beyond  the  footings ;  it  might 
almost  as  well  have  been  founded  on  brown  |>aper.  Instead  of  spread- 
ing the  weight  of  the  building  over  the  whole  area  to  be  covei-ed,  the 
pressure  was  limited  to  the  area  immediately  under  the  walls,  with 
the  result  that  the  earth  was  pressed  up  between  the  walls,  the 
building  itself  cracked  in  all  directions,  and  another  building  some 
30  feet  distant  was  drawn  over  out  of  perpendicular  and  badly 
cracked.  The  proper  mode  of  dealing  with  these  foundations  would 
have  been  to  put  in  a  mass  of  concrete  over  the  whole  area,  as 
indicated  in  the  dotted  lines  in  the  diagram. 

Soft  soil  ma}'  be  consolidated  by  enclosing  the  area  to  be  built 
upon  in  sheet  piling,  and  driving  down  piles  at  short  intervals  apart 
over  the  whole  area,  and  then  covering  this  area  with  a  mass  of 
concrete ;  sometimes  to  economize  in  timber  the  piles  are  driven  a 
cei-tain  distance  and  then  extracted,  the  holes  left  by  tlieir  extraction 
being  filled  in  with  firm  sand. 

Sand  itself  forms  an  excellent  foundation,  if  it  cannot  escape.  If 
there  is  no  possibility  of  its  being  under-scoured  or  drawn  off  by 
pumping  operations,  it  can  bo  safely  loaded  to  five  or  six  tons  per 
square  foot. 

In  putting  in  foundations  it  is  desirable  to  avoid  stepping  up  or 
unequal  depths,  which  are  apt  to  produce  cracks  and  unequal 
settlement  Made-up  ground  also,  in  a  foundation,  is  to  be  avoided 
as  likely  to  cause  failure  when  there  are  inequalities  in  the  founda- 
tion. As  a  rule,  the  whole  area  should  be  taken  down  to  the  full 
depth  of  the  lowest  part  where  the  foundation  is  sound  ;  there  are, 
of  course,  exceptions  in  which  a  departure  from  this  general  rule 
may  be  allowed.  For  instance,  when  building  on  a  sandy  tract,  the 
surface  may  be  so  much  broken  that  it  may  be  necessary  to  fill  up 
the  irregularities  with  sand  of  the  same  character  as  that  of  the 
whole  tract.  Such  a  case  occurred  in  France,  where  a  high  building 
was  to  cover  a  large  area,  and  there  were  differences  of  level  of 
45  feet  within  the  area  to  be  covered  by  the  building.  These 
irregularities  had  to  be  filled  in.  It  was  obviously  impossible  to 
follow  the  contour  of  the  ground  with  the  foundations.    The  surface 
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¥ras,  therefore,  levelled,  and  trenches—  in  the  made-up  sand — were 
dug  for  concrete.  These  trenches  were  then  well  rammed  and 
flooded  with  water  until  no  more  water  was  absorbed ;  the  con- 
crete was  then  rammed  into  them.  This  method  proved  perfectly 
successful,  but,  of  course,  it  would  be  impracticable  with  any 
material  except  sand. 

In  pile  driving,  a  heavy  monkey  with  a  comparatively  low  fall  is 
more  effective  than  a  small  one  with  a  high  fall,  and  it  is  less  liable 
to  shatter  the  head  of  the  pile. 

Nasmyth's  steam  pile-driver  is  very  useful  when  a  large  number 
of  piles  have  to  be  driven.  The  rapidity  with  which  its  blows 
follow  one  upon  another  enables  piles  to  be  driven  with  great  speed. 

In  many  cases  screw  piles  will  be  found  very  convenient  where 
sound  foundations  are  at  a  considerable  depth;  the  speed  with 
which  they  can  be  screwed  down  renders  them  valuable  not  only  for 
permanent  use,  but  also  for  temporary  work,  and  in  cases  where 
communication  has  to  be  rapidly  restored.  When  no  longer  required 
for  temporary  puq)Oses,  they  can  be  easily  unscrewed  and  taken  out 
to  be  used  elsewhere  as  necessary. 

A  convenient  size  for  screw  piles,  for  railway  purposes,  has 
been  found  to  be  30  inches  outside  diameter,  with  metal  1  inch 
thick  in  9  feet  lengths,  the  diameter  of  the  screw  being  about 
4  feet  6  inches,  with  a  pitch  of  7  inches.  Such  piles  are  screwed 
with  a  capstan  head,  from  which  arms,  composed  of  i*ails,  project, 
and  ropes  passing  round  grooves  in  rail  ends  are  worked  by  a  crab 
winch  or  capstan,  and  sometimes  directly  by  eight  bullocks.  The 
weight  of  a  pier  of  two  piles  40  feet  long,  with  bracing,  is  about 
16  tons.  For  smaller  structures,  piles  18  inches  diameter,  with  a 
screw  of  3  feet  3  inches  in  diameter,  worked  by  two  double-purchase 
crabs,  can  be  screwed  down  through  marl  or  cluy  at  the  rate  of 
about  8  feet  per  day ;  six  men  are  required  at  each  crab,  four  in 
winding  and  two  in  taking  up  the  slack  of  rope  which  passes  round  the 
capstan  bars,  fixed  to  a  disc,  tightly  clamped  to  the  pile.  One  mode 
of  rotating  the  piles  is  by  means  of  a  solid  hexagonal  shaft  bolted 
on  to  the  head  of  the  pile  to  be  screwed  down.  This  shaft  passes 
through  the  centre  of  the  cast-iron  wheel,  which  is  sufficiently  loose 
to  allow  the  shaft  to  be  sunk  with  the  pile  whilst  the  wheel  tui*ns. 
It  always  remains  at  one  level  throughout.  The  circumference  of 
the  wheel  is  toothed  as  a  worm  wheel,  so  as  to  gear  into  a  worm- 
screw  on  a  horizontal  shaft,  which  is  worked  by  handles  like  a 
common  winch.     Two  of  these  worm-screws  are  required,  one  on 
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each  side  of  the  wheel,  to  take  the  lateral  pressure  from  the  gaide ; 
the  whole  arrangement  is  supported  on  a  solid  frame. 

In  some  cases  it  is  found  advantageous  to  serrate  with  teeth  the 
bottom  of  the  pile,  and  also  its  edge,  to  enable  it  to  cut  through 
obstacles  that  may  be  encountered.  The  screwing  down  is  some- 
times greatly  expedited  in  hard  material  by  clearing  away  from  the 
interior  of  the  pile  the  core  of  gravel  or  sand  that  may  have 
accumulated  within  it  This  may  be  done  in  various  ways,  either 
by  means  of  a  scoop,  a  screw  augur-shaped  receptacle,  or  a  sludger,  or 
small  dredger,  or  by  a  strong  jet  of  water  forced  down  by  a  pipe. 
When  the  core  is  of  a  refractory  character,  and  cannot  be  readily 
taken  out  by  these  means,  a  long  piece  of  i-ail,  sharpened  at  one  end 
and  suspended  from  the  top,  may  be  worked  up  and  down  like  an 
engine  to  break  up  the  core.  In  such  a  case  the  cylinder  should  be 
protected  from  injury  by  a  species  of  fender  of  wood  attached  to  the 
upper  portion  of  the  rail. 

Wrought-iron  solid  piles  are  sometimes  used  with  a  cast-iron 
screw ;  they  are  generally  about  6  inches  diameter,  in  lengths  of  20 
or  25  feet,  the  bottom  length  being  keyed  into  a  cast-iron  screw 
3  feet  6  inches  diameter,  with  a  pitch  of  about  8  inches ;  the  ends  of 
the  pile  are  inserted  into  the  socket  of  the  screw,  and  are  reduced 
on  both  sides  by  two  fiats.  The  coupling  of  the  lengths  is  effected 
by  a  wrought-iron  sleeve  10  inches  outside  diameter,  and  about 
21  inches  in  length,  keyed  on  and  secured  by  pins. 

Such  piles,  though  they  answer  very  well  for  jetties  or 
places  not  exposed  to  vibration  of  trains  at  high  speed,  have 
in  some  instances  proved  to  be  very  unsatisfactory  when  used 
for  railway  bridges,  especially  when  there  has  been  a  considerable 
length  in  water  unbraced.  On  the  Madras  Railway,  bridge  piers 
constructed  of  such  piles  racked  so  much  that  most  of  them  were 
taken  up.  Moreover,  they  are  almost  entirely  dependent  on  their 
disc  for  support,  whereas  the  hollow  screw  piles  of  large  diameter 
obtain  considerable  support  from  skin  friction  ;  in  fact,  when  screw 
piles  of  small  diameter,  and  consequently  of  small  skin  friction,  are 
employed,  the  increase  in  the  depth  to  which  they  are  screwed 
does  not  necessarily  increase  their  supporting  power ;  Plate  XIX., 
exhibiting  the  failure  of  a  screw  pile  bridge,  furnishes  a  salutary 
lesson  in  this  respect.  The  piles  of  this  bridge  showed  an  inclina- 
tion to  settle  slightly,  and  it  was  decided  to  screw  them  down  an 
additional  length,  but  the  engineer,  instead  of  testing  the  stability 
of  the  piles  by  a  dead  load,  assumed  that  the  additional  depth  had 
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given  increased  support^  and  sent  a  locomotive  on  to  the  bi-idge,  but 
the  screw  pile  had  penetrated  a  softer  stratum,  and  was  in  reality 
less  stable  than  before,  consequently  it  failed  under  the  weight  of 
the  locomotive. 

Lugs  are  generally  cast  on  screw  piles  for  the  purpose  of  attaching 
the  bracing.  If  these  should  happen  to  be  broken  in  transport,  or  if 
it  should  be  necessary  to  provide  lugs  at  a  place  where  they  do  not 
exist,  an  efficient  substitute  may  be  made  by  boring  bolt-holes  to 
both  sides  of  the  pile  for  an  eye-bolt,  as  shown  at  B,  Plate  XVIII. 

A  conve!iient  mode  of  bracing  screw  piles  in  such  a  contingency 
may  also  be  made,  as  shown  at  C,  Plate  XVIIL,  by  a  cast-iron  pipe, 
through  which  a  long  bolt  may  pass,  abutting  against  wrought-iron 
lug  pieces,  to  which  the  diagonal  ties  may  be  fastened  either  by 
rivets  or  Ix^ltB. 


LECTURE    III. 


Well  Foundations. 

TtiK  method  of  forming  foundations  by  sinking  wells  has  been  from 
time  immemorial  in  general  use  in  India.  Originally  these  wells 
were  made  with  wooden  curbs  fastened  together  with  trenails.  The 
curb  was  generally  laid  on  the  bed  of  the  river  in  proper  position 
and  the  length  of  well  built  upon  it;  the  first  few  feet  were 
excavated  by  a  native  spade  and  the  material  hauled  up  by  bucket ; 
the  well  descending  into  the  sand  or  clay  as  it  was  excavated  beneath 
the  curb.  When  excavation  had  been  carried  to  a  depth  greater 
than  that  at  which  the  material  could  be  excavated  by  such  means,  a 
"  jham,"  as  it  was  termed,  was  employed.  This  was  a  tool  shaped 
somewhat  like  an  adze,  with  a  rope  attached  to  it ;  it  was  lowered 
into  the  well,  and  a  native  diver  descended  and  pressed  the  "  jham  " 
into  the  sand,  the  rope  was  then  hauled  up  from  above,  bringing  with 
it  the  "jham  "  and  such  material  as  could  be  excavated ;  the  form  of 
the  "jham"  is  shown  at  D,  Plate  XVIIL  This  plan  was  improved  in 
the  early  days  of  railway  construction  in  India  by  using  a  long  pole 
socketed  into  the  "  jham,"  so  as  to  avoid  the  use  of  a  diver  to  press 
it  into  the  material  at  the  bottom  of  the  well.     Subsequently,  when 
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wells  wore  sunk  to  a  greater  depth,  this  gave  place  to  a  "sludger," 
or  sand  pump,  shown  at  F,  FkUe  XVIII.  It  was  let  down  to  the 
bottom  of  the  well  and  the  pump  bucket  worked  up  and  down  like 
a  ringing  engine,  causing  the  sand  and  gravel  to  rise  in  the  suction 
pipe  until  it  fell  over  into  the  receiver.  When  the  receiver  was 
full  it  was  hauled  up,  the  false  bottom  of  the  receiver  was  opened, 
and-  the  contents  emptied.  In  order  to  save  time,  a  sand  pump  was 
usually  furnished  with  two  receivers,  so  that  while  one  was  being 
emptied  the  other  was  lowered  with  the  sand  pump  to  continue  the 
excavation.  The  rate  of  sinking  a  12-foot  well  with  a  sand  pump 
was  about  6  feet  in  8  hours.  The  size  of  stones  brought  up  in  the 
receiver  was  sometimes  considerable.  I  have  myself  seen  a  roundish 
boulder  about  5  inches  in  diameter  brought  up  by  one.  The  sand 
pump  in  its  turn  gave  way  to  a  class  of  dredgers  sho^vn  at  E, 
G,  and  H,  Plate  XVIII.  The  time  lost  in  lowering  and  hoisting 
the  dredgers  makes  the  work  of  excavating  slow,  but  it  is  greatly 
accelerated  by  the  use  of  efficient  steam  hoisting  plant  and  large 
dredgers  shown  in  the  photograph. 

Bull's  dredger  is  one  that  has  been  largely  used,  and  is  very 
effective.  It  is  shown  at  H,  Plate  XVIII.,  in  the  process  of  being 
lowered.  As  soon  as  it  reaches  the  bottom  a  catch  falls  out,  and 
enables  the  jaws  to  close  on  the  sand,  which  its  own  weight  enables 
it  to  grip,  finally  closing  as  indicated  by  the  dotted  lines. 

In  fine  sand  the  dredger  often  comes  up  empty  if  obstacles  should 
prevent  the  jaws  from  entirely  closing,  as  indicated  by  the  dotted 
lines  in  Fig,  H. 

I  think  it  probable  that  the  centrifugal  pump  or  ejector  may,  in 
future,  supersede  or  supplement  the  dredger  where  only  light  sand 
or  mud  is  to  be  excavated ;  for  the  work  of  either  a  centrifugal 
pump  or  an  ejector  would  be  continuous.  A  jet  of  water  at  high 
pressure,  combined  with  an  ejector,  would  excavate  and  stir  up  the 
sand  which  the  ejector  would  carry  off,  provided  the  ejector  were 
kept  in  constant  movement  over  the  whole  area  at  the  bottom  of 
the  well. 

For  very  stiff  clay  and  gravel  a  jumper,  formed  of  a  long  steel 
rail  pointed  at  the  end  or  chisel-shaped,  may  be  lowered  to  the 
bottom  of  the  well,  then  raised  about  10  feet  and  suddenly  let  go, 
so  as  to  indent  itself  deeply  into  the  gravel.  This  operation  may 
be  repeated  until  a  large  portion  of  the  clay  or  gravel  at  the  bottom 
of  the  well  has  been  disturbed,  and  a  dredger  sent  down  to  take  up 
the  detached  lumps  of  clay  or  gravel.     The  rail  should  have  a  fender 
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at  the  upper  end,  to  prevent  injury  to  the  sides  of  the  weU,  as  shown 
at  J,  PkUe  XVIII.  In  south  India  a  circular  box  receptacle,  with  a 
cutter  of  helical  form,  ha?  been  used  with  some  success  in  the 
excavation  of  stiff  clay,  the  box  being  rotated  by  rods  from  the  top  of 
the  well;  the  clay  cut  being  forced  by  the  rotation  into  the  box,  which, 
when  filled,  is  hauled  to  the  surface  to  be  emptied.  But  excavators 
of  the  Miiroy  type,  shown  at  G,  Plate  XVIIL,  or  spidere,  such  as  that 
shown  at  E,  appear  to  be  more  generally  useful.  Some  of  these 
spiders  are  furnished  with  a  falling  weight,  which  is  used  as  a 
monkey  to  drive  the  excavators  into  the  hard  soil.  The  *'  Fouracre 
spider,"  shown  at  E,  Plate  XVIII.,  is  a  convenient  tool.  It  consists  of 
six  picks  arranged  round  a  central  shaft,  to  which  they  are  hinged. 
The  sliding  monkey  on  the  shaft,  .worked  by  a  rope,  strikes  on  a  boss, 
which  transmits  its  blows  through  the  rods  to  the  picks,  and  drives 
them  into  the  clay,  causing  them  to  close,  umbrella-like,  on  a  mass 
of  clay.  When  the  spider  is  lowered  by  the  boss,  the  picks  are 
kejit  open,  but  when  hauled  up  by  the  shaft  they  are  kept  closed,  as 
shown  by  the  dotted  lines.  The  spider  is  generally  used  merely  to 
break  up  the  clay,  so  as  to  enable  it  afterwards  to  be  brought  up  by 
ordinary  dredgers.  The  picks  are  generally  made  sharp  and 
pointed  if  used  for  breaking  up  gravel,  but  if  the  clay  is  to  be 
retained  and  brought  to  the  surface  they  should  be  broad  and 
flattened  out.  In  some  cases  they  are  not  only  flattened  out,  but 
forked.  But  the  proper  form  to  be  used  must  depend  chiefly  on 
the  character  of  the  material.  The  ram  should  not  be  too  heavy, 
otherwise  the  picks  are  likely  to  bo  broken. 

The  outside  of  the  well  is  generally  plastered  over  to  decrease 
the  friction  in  sinking,  and  a  scale  showing  the  height  above  the 
bottom  of  the  curb  is  painted  on  the  outside  of  the  wells. 

Flumb-bobd  hung  outside  the  well  should  be  continually  watched 
during  the  process  of  sinking,  and  when  any  indication  of  canting 
is  observed  immediate  steps  should  be  taken  to  remedy  it.  Sinking 
should  be  sto[)ped,  and  the  causes  ascertained,  and,  if  necessary, 
divers  sent  down  to  clear  any  obstacle.  Canting  is  sometimes 
caused  by  excavation  carried  unequally  at  one  side  of  the  well,  but 
more  frequently  by  the  curb  meeting  some  obstruction  at  one  side, 
either  from  stiff  clay,  boulders,  or  sunken  timber. 

If  canting  takes  place  during  the  first  three  lengths  sunk  it  may 
be  generally  remedied,  but  beyond  this  it  is  almost  hopeless  to 
restore  a  canted  well.  When  a  well  has  once  canted  it  is  obvious 
that  the  tendency  to  cant  is  increased  by  the  action  of  the  dredger, 
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which  excavates  precisely  where  it  should  not,  and  avoids  that  part 
which  requires  excavation  to  restore  the  well  to  the  perpendicular, 
as  indicated  at  N,  Plate  XVIII.  It  is  desirable,  therefore,  in  design- 
ing well  curbs  that  some  arrangement  should  be  made  by  which  a 
diver  can,  if  necessary,  attach  a  swivel-hook  of  a  wire  rope  to  the 
curb,  so  as  to  have  a  guide  which  will  force  the  dredge  to  excavate 
in  the  position  desired,  as  shown  at  P,  Plate  XVIII.  In  spite  of  all 
precautions,  wells  will  sometimes  be  drawn  out  of  the  perpendicnkr, 
and  when  this  occurs  a  strain  should  be  put  upon  the  well  to 
straighten  it ;  this  is  sometimes  effected  by  passing  a  chain  round  it, 
making  the  chain  fast  to  some  fixed  point  and  weighting  it,  as  shown 
at  K,  Plate  XVIIL  A  comparatively  small  weight  will  exert  a  great 
strain  on  the  well,  and  a  slight  vibrator}'  movement  of  the  weight 
up  and  down  will  assist  the  action,  which,  however,  must  not  be 
overdone,  otherwise  the  well  will  be  crippled.  The  well  should  be 
protected  with  sleepers,  so  that  the  chain  may  not  bear  directly  upon 
the  brickwork.  Another  plan  is  to  put  a  jib  on  the  well  with  two 
spars  and  a  topping  lift,  and  to  load  the  end  of  the  jib  as  indicated 
at  L  and  M,  Plate  XVIIL  Where  sunken  timber  is  encountered  in 
well  sinking  it  may,  sometimes,  be  broken  up,  if  first  weakened  by 
boring  a  number  of  holes  through  it,  close  to  the  curb,  by  means  of 
a  long  auger  worked  from  the  top  of  the  well,  the  point  of  the  auger 
being  inserted  in  position  by  a  diver ;  chains  are  then  passed  round 
the  timber  and  it  is  hauled  out  by  a  powerful  lifting  tackle.  A  small 
dynamite  cartridge  exploded  against  the  timber  may  help  in  break- 
ing it  up,  but  any  such  explosive  must  be  used  with  great  caution, 
other>vise  the  curb  may  be  injured. 

Although  rectangular  blocks  have  been  for  many  years  sunk  in 
irrigation  works,  the  well  piers  in  the  earlier  years  of  railway  con- 
struction in  India  were  almost  always  composed  either  of  single 
cylindi-ical  wells,  shown  at  1,  Plate  XX.,  or  groups  of  two  or  more 
wells,  as  indicated  in  Figs,  2  and  3,  Plate  XX.  But  of  late  yeare 
double  hexagon  and  octagon  well-blocks  have  been  largely  used  with 
satisfactory  results.  The  double  octagon-block  {Fig,  6,  Plate  XX) 
is,  as. a  rule,  preferable  to  the  double  hexagon-block  {Fig,  6),  as  it 
allows  the  dredger  to  excavate  more  equally  near  to  the  periphery, 
and  reduces  the  tendency  of  the  well  to  hang  on  its  angles  in  sink- 
ing ;  but  probably  a  double  cylindrical  block,  shown  at  Fig,  4,  would 
be  more  satisfactory  than  cither  in  this  respect. 

The  character  of  the  scour  around  unprotected  wells  is  indicated 
at  Fig.  7,  PUite  XX.     The  current  meeting  the  obstacle  is  deflected 
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do>ynwards,  resulting  in  the  scour  of  a  conical  hole  around  the  well, 
the  scour  being  deeper  on  the  up-stream  side  of  the  well  than  on 
the  down-stream  face.  This  has  been  shown  by  the  fact  that  in 
the  majority  of  cases,  when  the  fall  of  a  well  has  been  observed, 
it  has  fallen  up  stream. 

In  the  Chenab  Bridge,  where  each  pier  consisted  of  three  wells, 
the  engineer-in-chief,  being  pressed  for  time,'  had  not  carried  out  my 
instructions  with  regard  to  three  of  the  piers  before  the  floods  set 
in.  These  instructions  were  to  cut  down  to  low  water  level  every 
well  that  was  not  fully  down,  and  to  protect  it  with  loose  stone. 
When  the  floods  came  on  the  scour  was  so  great  that  the  unpro- 
tected wells  fell,  though  sunk  to  a  depth  of  nearly  70  feet  on  to 
stifle  clay ;  the  up-stream  well  fell  the  first. 

Fig.  8,  Plate  XX.,  shows  the  mode  in  which  the  stone  pro- 
tection is  applied;  in  some  cases  it  i^  laid  over  in  a  flat  ring  of 
equal  depth,  but  I  prefer  to  pile  it  round  the  wells,  and  to  allow 
it  to  find  its  own  level  as  the  scour  takes  place ;  more  should  be 
deposited  on  the  up-stream  than  on  the  down-stream  side,  so  as  to 
allow  for  movement  of  stone  in  the  direction  of  the  stream,  but  as 
a  general  rule  the  travel  of  the  stones  under  scour  is  not  great.  Fig.  9, 
Plate  XX.,  shows  how  the  stone  adjusts  itself  to  a  scour,  and  protects 
the  material  underneath  it  from  further  scour  until  a  depth  is  reached 
when  the  scour  becomes  so  feeble  that  it  ceases  to  undermine  the 
loose  stone.  Wells,  thei'efore,  protected  in  this  manner  stand  in  a 
species  of  cone,  composed  of  sand  or  clay,  and  coated  with  a 
protection  of  loose  stones.  The  effects  of  a  flood  should  be  care- 
fully watched,  and  if  any  subsidence  is  shown  in  the  mass  of  stone 
more  should  be  added  to  maintain  the  upper  portion  of  the  cone 
about  low  water  level.  The  quantit}*^  of  stone  round  each  pier  of 
the  bridges  in  the  Punjab  rivers  averages  about  40,000  cubic  feet, 
but  in  some  cases  where  scour  has  been  excessive,  the  amount  has 
reached  as  much  as  50,000  cubic  feet.  Well  piers  in  some  rivers 
have  been  sunk  to  depths  of  75  and  even  100  feet  below  the 
average  bed  of  the  river,  but  if  properly  protected  with  stone  the 
necessity  for  sinking  wells  to  such  great  depths  is  doubtful ;  50  feet 
would  appear  to  be  ample,  standing  as  the  wells  do  in  a  cone 
protected  from  scour  by  a  mass  of  stone. 

Fig.  11,  Plate  XX.,  shows  the  section  of  curb  generally  used, 
but  the  coned  plate  is  difficult  to  make  and  expensive,  and  if  made 
as  shown  in  Fig.  12  it  is  equally  effective. 

Plate  XXI.  shows  a  double  octagon  well  curb  ready  for  sinking, 
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and  Plate  XXII.  shows  a  double  octagon  block  sunk  and  ready 
for  building  a  fresh  length  upon  it. 

In  sinking  the  double  wells  close  to  each  other,  the  .wells  have  a 
tendency  to  draw  together  ;  this  was  obviated  to  a  great  extent  by 
use  of  three-well  piers,  the  two  outside  wells  being  sunk  sufficiently 
in  advance  of  the  middle  well  to  avoid  any  tendency  to  draw  into 
the  cavity  formed  by  the  other  wells,  as  shown  in  Plate  XXIII. 

If  the  inside  well  were  sunk  in  advance  of  the  outer  wells,  it  is 
obvious  that  there  would  be  a  tendency  in  these  wells  to  draw 
towards  the  space  excavated  between  them.  Plate  XXIV.  shows 
a  three-well  pier  in  course  of  construction,  the  outer  wells  being 
built  up  before  the  inner  well,  and  Plate  XXV.  shows  the  two  ou^ 
side  wells  sunk  in  advance  of  the  middle  well. 

In  the  bridge  over  the  Ganges  at  Benares,  large  oval  blocks  some- 
what of  the  section  shown  at  A,  Plate  XX.,  but  divided  in  three 
compartments  by  partition  walls,  were  sunk  without  difficulty. 
But  this  form  is  somewhat  weak,  and  the  partitions  render  dredging 
somewhat  difficult. 

Where  greater  lateral  width  is  required  to  support  very  large  or 
high  piers,  or  a  double  line  of  railway,  the  form  as  shown  at  B, 
Plate  XX.,  or  the  "four-hexagon"  blocks  indicated  at  C,  might 
be  adopted.  For  purposes  other  than  piers,  such  as  the  formation 
of  wharf  walls,  where  an  extended  line  of  wells  might  be  required, 
a  system  of  alternating  double  and  single  hexagon  blocks,  as  in- 
dicated at  D,  Plate  XX.,  or  the  double  hexagon  employed  alternately 
endways  and  sideways,  as  indicated  at  E,  might  be  adopted  with 
advantage.     The  dark  sections  indicating  the  alternate  blocks. 

Taper  wells,  larger  at  the  base  than  at  the  top,  have  sometimes 
been  tried  under  the  idea  that  they  can  be  sunk  more  easily,  and 
that  they  will  afford  a  large  area  of  base,  combined  with  smaller 
resistance,  to  the  current;  but  there  is  much  difficulty  in  keeping  such 
wells  straight  while  sinking,  and  the  difficulty  of  dredging  close  to 
the  curb  is  greatly  increased.  Moreover,  although  the  tapered  form 
may  offer  less  resistance  in  actual  sinking,  it  must  be  remembered 
that  this  characteristic  would  really  impair  its  supporting  power 
when  it  had  once  been  sunk.  The  supporting  power  of  a  well  is 
mainly  due  to  what  is  termed  "  its  skin  resistance,"  or  the  frictional 
resistance  of  its  sides,  and  not  to  the  area  of  its  base,  and  this 
friction  resistance  would  be,  to  a  great  extent,  lost  by  the  adoption 
of  a  taper  pier.  The  pressure  on  the  base  of  a  well  foundation 
cannot  be  calculated  on  the  assumption  that  the  unit  of  pressure  is 
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equal  to  the  superincumbent  weight  divided  by  the  area  of  the  base. 
In  the  Hawlosbury  bridge,  in  New  South  Wales,  the  caisson  is 
slightly  tapered  np  to  a  considerable  distance  above  the  base,  and 
the  very  great  difficulty  experienced  in  keeping  these  caissons 
straight  is  attributed  to  the  taper  given  to  the  lower  portion.  On 
the  Sind,  Punjab  and  Delhi  Railway  a  large  number  of  bridges  were 
constructed  on  single  wells  12  feet  6  inches  in  diameter,  carrying 
girders  of  100  feet  in  the  clear  span.  The  railways  ran  on  the  top 
of  the  girders,  so  that  the  girders  might  be  brought  sufficiently  near 
together  to  rest  on  the  top  of  a  single  well.  The  wells  were  sunk 
40  feet  below  the  average  depth  of  low  water,  but  they  were  not 
protected  from  scour  in  any  way,  and  a  large  number  of  them  fell, 
the  sand  or  clay  having  been  scoured  to  such  a  depth  that  they  were 
no  longer  stable.  The  abutments  of  these  bridges  were  of  an  ex- 
tremely expensive  character  ;  some  of  them  consisted  of  60  wells  in 
each  abutment.  Upon  these  wells  the  abutment  and  wing  walls 
were  built  on  arching  from  well  to  well,  as  indicated  in  Fig.  12,  Plate 
XXXII. ;  the  wells  varied  from  9  feet  to  12  feet  6  inches  in  diameter, 
and  the  depth  to  which  they  were  sunk  varied  from  35  to  40  feet.  Many 
of  these  abutments  failed  lamentably ;  the  water  in  flood  washed  out 
and  in  between  the  wells,  gradually  removing  the  eart))  between  them, 
and  the  scour  which  followed  completely  overturned^  a  large  number 
of  the  wells,  together  with  the  walls  wliich  they  supported.  For 
bridges  of  this  character  I  always  adopted  that  which  I  should  term 
a  pier  abutment ;  in  fact,  one  exactly  like  the  other  piers  of  the 
bridge,  the  only  diflTerence  being  in  the  protection,  which  consisted 
of  a  large  mass  of  stone  surrounding  the  pier  and  coating  the  em- 
bankment, as  indicated  in  Fig,  13,  Plate  XXX II.,  the  cost  of  such 
piers  being  insignificant  when  compared  with  rows  of  wells  such 
as  I  have  described,  and  infinitely  more  effective. 

Well  sinking  requires  great  care,  especially  at  the  commencement 
of  operations.  The  curb  should  be  pitched  with  great  exactness, 
and  carefully  levelled,  so  as  to  ensure  that  it  is  quite  horizontal 
before  it  is  built  upon.  It  should  be  sunk  to  its  own  depth 
before  building  upon  it  at  all.  It  is  a  mistake  to  build  too  great  a 
length  of  masonry  on  the  curb  at  first ;  very  little  pressure  is  required 
for  sinking  the  first  few  feet,  and,  if  too  great  a  length  be  built  upon 
it  at  the  outset,  it  is  liable  to  cant,  and  when  once  a  well  has  canted 
it  is  difficult  to  bring  it  back  again.  A  length  equivalent  to  about 
half  the  diameter  of  the  well  is  generally  sufficient  for  the  first 
length;  this  is  generally  sunk  by  hand   labour,    taking  out  the 
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material  equally  all  round  the  interior,  and  if  any  indications  of 
canting  should  be  observed,  immediate  measures  should  be  taken  to 
bring  it  back  again  by  excavating  on  the  higher  side  and  weighting 
it.  The  second  length  may  be  about  equal  to  the  diameter  of  the 
well.  When  the  second  length  has  been  sunk  properly,  the  critical 
period  may  be  said  to  be  passed,  but  great  care  and  watchfulness 
are  required,  and  when  any  indication  of  tilting  is  observed,  it 
should  be  taken  in  hand  at  once.  It  is  not  prudent  to  build  lengths 
much  more  than  one  and  a-half  or  two  diameters  al)ove  the  ground 
at  one  time,  for  too  much  top  weight  will  intensify  any  tendency  to 
dlt,  and  the  further  a  well  is  sunk  the  more  difficult  it  becomes  to 
remedy  a  cant  if  it  should  once  be  allowed  to  commence.  When 
the  site  of  a  pier  is  in  water  of  greater  depth  than  the  curb,  it  may 
be  necessary  to  have  recourse  to  a  caisson ;  such  a  caisson  is  shown 
in  PkUes  XXVI.  and  XXVII.,  which  illustrate  the  mode  of  pitching 
it.  If  the  surface  below  the  bottom  of  the  well  be  not  quite  level,  it 
should  be  dredged  perfectly  level  over  the  whole  space  on  which  the 
caisson  is  to  be  deposited.  If  this  cannot  readily  be  done,  the 
caisson  may  be  suspended  and  the  material  cleared  away  if  it  bears 
unevenly.  Such  caissons,  however,  are  costly  and  expensive,  and 
they  may  in  many  cases,  when  the  water  is  not  too  deep,  be 
avoided  by  the  formation  of  an  island,  on  which  the  curb  may  be 
placed.  This  may  often  easily  be  effected  either  by  the  construction 
of  a  temporary  brushwood  obstacle,  or  by  driving  a  few  rough  piles 
in  a  segmental  row  close  above  the  site  of  the  proposed  pier,  backing 
up  the  piles  with  brushwood  or  fascines,  or  other  contrivances,  to 
allow  the  water  to  pass  through  with  a  diminished  current,  and  form 
a  sandbank  by  deposit.  If  the  silting  process  be  too  slow,  the  for- 
mation of  an  island  may  be  expedited  by  supplementing  the  obstacle 
with  sandbags  and  depositing  sand  behind  it,  but  it  is  better  not  to 
place  the  segmental  obstacle  so  near  as  to  interfere  with  sinking 
operations. 

Plate  XXVIII.  shows  the  arrangement  for  dredging  by  steam 
hoists  in  the  dry  bed  of  a  river.  Plates  XXIX.  and  XXX.  show  the 
arrangement  of  floating  steam  hoists. 

It  is  very  desirable  when  working  in  sand  not  to  excavate  too  far 
below  the  curb  ;  for  if  there  should  happen  to  be  a  difference  in  the 
level  of  water  outside  and  that  inside  the  well  there  may  be  a  blow-in 
from  one  side,  forming  a  cavity  which  may  cause  the  well  to  travel 
or  cant,  and  all  the  material  blown  in  must  be  excavated  before 
further  sinking  can  be  proceeded  with.     Moreover,  if  the  excavation 
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be  carried  too  low,  the  well  may  sink  with  dangerous  rapidity.  A 
case  of  this  kind  occurred  in  sinking  the  oval  block  wells  of  Benares 
bridge ;  the  well  sunk  so  suddenly  that  it  forced  a  violent  rush 
of  water  up  the  interior  of  the  well,  bursting  the  well,  and  breaking 
away  a  large  portion  of  the  brickwork. 

If  a  well  sticks,  emptying  its  water  will  often  give  it  a  start,  and 
sometimes  a  dynamite  cartridge,  exploded  under  water  at  the  bottom 
of  the  well,  will,  by  its  concussion,  produce  the  desirel  effect 

When  a  well  has  been  sunk  to  its  full  depth,  it  should  be  loaded 
with  rails  and  then  filled  in  with  concrete.  Plnte  XXXI.  shows  wells 
thus  loaded.  Some  engineers,  to  save  expense,  fill  only  the  bottom 
of  the  well  with  concrete,  leaving  an  intermediate  space  filled  with 
sand  and  gravel,  on  which  the  upper  portion  is  concreted  before  the 
pier  is  built  upon  it ;  but  unless  the  well  has  been  sunk  without 
difficulty,  it  is  more  prudent  to  incur  the  slightly  increased  expense 
of  concreting  throughout,  for  I  have  known  many  cases  in  which 
wells  have  been  cracked  in  progress  of  sinking,  and  the  fact  has  not 
been  discovered  until  the  material  surrounding  it  has  been  scoured 
away  and  the  portion  cracked  has  fallen  out ;  in  such  cases  sand  or 
gravel  filling  will  be  useless. 

A  very  ingenious  arrangement  was  devised  by  Sir  Bradford 
Leslie  for  sinking  the  iron  cylinders  of  the  Gorai  Bridge.  This 
arrangement  is  roughly  indicated  at  C,  Plate  XXXII.  The  clay 
or  sand  at  the  bottom  of  the  cylinder  wm  excavated,  or  rather 
ploughed  up,  by  four  rotating  sets  of  cutters  attached  to  a  horizontal 
disc,  so  that,  in  rotating,  the  cutters  excavated  a  conical  hole  about 
9  feet  in  diameter.  The  boring  head  was  bolted  to  the  bottom 
of  an  annular  shaft  13  inches  diameter  inside  and  26  inches  outside, 
the  space  between  the  inside  and  outside  being  filled  with  air  so  as 
to  combine  the  resistance  to  torsion  with  buoyancy,  the  shaft  was 
held  in  place  by  guides  moving  on  four  guide  rails.  The  shaft  and 
boring  head  were  caused  to  rotate  by  means  of  a  turbine,  thus 
supplying  water  to  the  cylinder  by  means  of  two  centrifugal  pumps, 
and  keeping  up  such  a  head  that  there  was  a  constant  discharge  up 
the  whole  shaft,  taking  with  it  sand  and  lumps  of  clay  that  were  cut 
by  the  rotating  cutters.  The  time  of  revolution  of  the  boring  head 
was  about  a  minute  and  a-half  or  two  minutes,  and  the  speed  of 
sinking  about  four  and  a-half  feet  per  day,  including  the  time 
occupied  in  removing  and  re-fixing  the  driving  gear  and  the  syphon. 

In  one  of  the  rivers  in  India  one  side  of  the  curb  of  a  well,  when 
sunk  to  a  considerable  distance,  rested  on  rock  which  was  slightly 
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inclined,  and  as  the  river  bed  above  it  consisted  of  coarse  but  very 
clean  sand,  I  had  a  large  quantity  of  cement  thrown  down  so  as  to 
cover  the  bottom  of  the  well,  and  after  allowing  it  to  settle  down  at 
the  bottom  for  a  short  time,  water  was  pumped  in  at  the  top  of  the 
well  so  as  to  produce  a  head  of  water  inside  the  well  greater  than 
that  in  the  river.  This  had  the  effect  of  forcing  the  cement  through 
the  sand  on  all  sides  at  the  bottom  of  the  curb,  and  it  was  then 
allowed  to  set,  forming  the  sand  between  the  curb  and  the  rock  and 
all  round  the  bottom  into  a  mass  of  concrete  or  artificial  stone ;  sub- 
sequent probing  proved  that  the  result  had  been  entirely  satisfactory, 
but  if  the  sand  in  the  river  bed  had  been  dirty  or  clayey,  I  should 
not  have  ventured  on  such  an  experiment.  The  distance  from  the 
curb  to  the  rock  in  this  case  was  small  and  fairly  regular.  If  it  had 
been  greater,  I  should  have  preferred  to  have  injected  the  liquid 
cement  through  a  pipe  under  pressure. 

In  firm  sand,  especially  when  it  is  mixed  with  stone  and  frag- 
ments of  rock,  it  is  very  difficult  to  drive  ordinary  timber  piles,  or  to 
fix  screw  piles  down  to  any  great  depth.  Wooden  piles  cannot  be 
driven  to  any  depth  without  shattering,  and  screw  piles,  whether 
hollow  or  solid,  will  enter  the  sand  freely  at  first,  but  when  they 
have  penetrated  to  a  depth  of  a  few  feet  the  resistance  increases  to 
such  an  extent  that  it  is  impracticable  to  sink  them  further.  To 
meet  this  difficulty  Sir  James  Brunloes  introduced  a  very  simple 
method  of  sinking  hollow  cast-iron  piles  by  means  of  a  water-jet, 
and  viaducts  of  50  base  of  spans,  each  30  feet,  were  constructed  in  a 
sandy  estuary  in  Morecombe  Bay  on  this  principle.  Experimental 
piles,  sunk  from  16  to  20  feet,  showed  that  under  constant  vibration 
as  to  which  piles  might  be  exposed  to  by  passing  trains  the  sand 
might  safely  be  loaded  to  5  tons  per  square  foot.  The  piles  were 
hollow,  9  inches  in  diameter,  with  a  disc  2  feet  6  inches  diameter, 
giving  a  bearing  of  4*86  square  feet,  capable  of  bearing  24  tons  ;  each 
pier  consisted  of  four  piles;  Fig,  A,  Plaie  XXXII.,  indicates  the 
character  of  these  piles. 

The  discs  were  generally  put  down  20  feet  beneath  low  water ; 
several  arrangements  of  staging  for  supporting  the  piling  engine  were 
tried,  but  such  was  the  shifting  nature  of  the  channels  in  the  sand 
that  110  staging  could  be  maintained  for  more  than  two  or  three 
tides.  To  have  used  timber  piles  would  cost  as  much  per  pier  as 
permanent  piles  of  iron ;  it  was,  therefore,  determined  to  employ 
pontoons,  although  at  the  outset  much  difficulty  was  experienced  in 
mooring  them  in  the  tideway  ;  but  practice  enabled  this  difficulty  to 
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be  overcome,  and  they  were  ultimately  managed  and  applied  with 
great  success.  For  sinking  the  disc  piles  two  pontoons  were  used ; 
each  was  fitted  with  a  small  donkey  engine  of  about  two-horse 
power,  and  with  a  piling  machine.  ^  They  were  moored  on  the  ebb 
of  tide  at  the  site  of  a  pier ;  the  pile  was  then  put  in  position  and 
lashed  by  the  top  to  the  side  block  in  the  piling  machine,  the 
bottom  being  clipped  by  the  guiding  apparatus  fixed  on  the  side  of 
the  pontoon.  An  aperture  in  the  centre  of  the  disc  received  the 
lower  end  of  a  wrought-iron  pipe  2  inches  in  diameter,  which,  ex- 
tending up  the  hollow  pile,  was  connected  by  a  flexible  hose  with 
the  donkey  engine  pumps.  By  this  arrangement  the  water  was 
forced  doTvn  the  pipe  into  the  sand,  which,  being  loosened,  enabled 
the  piles  to  sink  rapidly.  It  was  found  that  the  piles  sank  rapidly 
through  the  upper,  or  more  recent,  layers  of  sand,  a  depth  of  from 
7  to  9  feet,  but  that  below  this  depth  in  the  more  compact  miry 
deposit  the  process  of  sinking  was  slow.  To  meet  this  difficulty  ribs 
or  cutters  were  cast  on  the  lower  surface  of  the  disc,  as  shown  at  B, 
Plate  XXXIL,  by  which,  when  an  alternating  motion  was  given  to 
the  pile,  the  material  was  loosened,  and  was  washed  or  blown  away 
by  the  water.  This  plan  was  found  so  effective  that  two  piles  were 
generally  put  down  from  each  pontoon  during  the  ebb  of  the  tide. 
In  about  half-an-hour  after  ceasing  operations  so  much  sand  had 
accumulated  round  the  pile  as  to  steady  them  completely.  After  the 
first  tide  the  sand  was  at  its  full  height,  and  then  the  piles  were  quite 
stationary  ;  the  operation  of  sinking  was  much  facilitated  by  keeping 
the  weight  of  the  pile  hanging  on  the  pile  engine  chains ;  without 
this  precaution  the  piles  sometimes  sunk  irregularly,  and  occasionally 
so  fast  as  to  overpower  the  pumps. 

To  consolidate  the  surface  beneath  the  discs  which  had  been 
disturbed  in  sinking  the  piles,  each  pile  was  ultimately  driven  down 
2  inches  by  short  blows  from  a  heavy  tup. 

As  this  mode  of  sinking  is  not  very  common,  I  may  perhaps 
with  advantage  give  a  brief  account  of  the  operations  on  a  viaduct 
more  than  a  mile  in  length  which  was  constnicted  over  a  wide  river, 
near  its  mouth,  in  Chili.  The  river  was  shallow,  having  a  depth  of 
only  about  18  inches  in  the  dry  season,  with  a  maximum  flood  of 
about  9  feet.  The  bed  of  the  river  was  intersected  with  channels 
about  12  feet  deep  l>elow  summer  level,  constantly  varying  in 
position.  The  bed  of  the  nver  consisted  of  coarse  black  sand, 
alternating  at  various-^ depths  with  beds  of  clay  and  gravel,  varying 
in  thickness  from  a  few  inches  to  2  feet.     The  velocity  of  the 
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current,  even  in  flood,  did  not  exceed  6^  miles  per  hour.  For  this 
viaduct  hydraulic  piles  were  used,  sunk  to  a  depth  of  about  28  feet 
below  the  average  level  of  the  river.  Each  pier  was  composed  of 
six  piles  divided  into  rows  of  three,  the  distance  apart  between 
their  centres  along  the  line  of  the  bridge  being  15  feet,  the  rows 
being  6  feet  apart  from  centre  to  centre.  The  piles  were  connected 
by  longitudinal  and  transverse  bracing  above  low  water  level  The 
spans  were  about  80  feet  in  the  clear.  The  middle  piles  were 
15  inches  in  diameter  outside,  and  If  inch  in  thickness,  with  a 
bottom  disc  3  feet  6  inches  in  diameter ;  the  outer  piles  1 2  inches  in 
diameter  outside,  and  1  inch  thick,  with  discs  3  feet  in  diameter. 
The  maximum  pressure  on  the  disc  area  was  calculated  to  be  about 
5  tons  per  square  foot  on  the  middle  pile,  and  3f  on  the  outer 
pile.  The  tested  bearing  power  of  the  sand  at  much  less  depth  than 
that  to  which  the  piles  were  sunk  was  7*34  tons  per  square  foot 
The  piles  were  put  down  with  water-jots  pumped  through  a  3-incli 
hose  into  3-inch  wrought-iron  pipes  running  down  tlie  interior  of 
the  outside  piles,  and  discharging  about  8  inches  below  the  disc 
The  amount  of  water  delivered  was  about  160  gallons  a  minute,  and 
was  sufficient  to  sink  two  piles  at  a  time. 

Figs,  1,  2,  and  3,  PlcUe  XXXII.,  show  the  arrangement  for 
sinking  the  hydraulic  piles.  In  order  to  save  time  and  expense 
that  would  have  been  entailed  by  the  use  of  a  fixed  scaffolding 
for  each  pier,  the  platforms  from  which  the  piles  were  slung  into 
position  and  guided  were  bolted  to  movable  trestles  of  the  form 
shown  in  the  diagram  at  1,  2,  and  3,  Plate  XXXII.  The  trestle  was 
hinged  at  the  apex  by  means  of  a  3-inch  pipe  slipped  through  staples. 
After  a  pier  had  been  completed,  the  pipe  was  slipped  out  and  the  two 
halves  were  floated  to  the  next  position  and  erected  there.  The  foot 
of  the  trestle  soon  settled  in  the  sand  which  formed  the  bed  of  the 
river,  and  bore  up  very  well  against  the  strains  which  came  against 
them.     Nine  trestles  of  this  description  sufficed  for  the  whole  work. 

When  the  piles  came  into  contact  with  any  of  the  strata  of  hard 
clay  or  gravel  they  were  rotated  by  a  steam  winch  driving  an  endless 
rope  2^  inches  in  circumference,  wound  several  times  round  the 
capstan  of  8  feet  diameter  {Fig.  4,  Plate  XXXII. ).  The  arms  of  the 
capstan  were  of  timber,  bolted  to  a  cast-iron  collar  or  grip  made  in  three 
segments.  Each  of  these  segments  had  two  wedge-shaped  recesses, 
into  which  pieces  of  inch-round  files  were  dropped  (as  shown  at  5),  and 
when  the  pull  came  on  tho  capstan  these  pieces  got  jammed  between 
the  pile  and  the  narrowing  wall  of  the  recess,  serving  to  grip  the 
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pile  very  firmly.  This  form  of  ^rip  answered  very  well,  and  seldon^ 
slipped ;  when  the  pile  was  very  wet,  a  spade  full  of  sand  thrown 
into  the  recess. would  at  once  stop  any  slipping.  The  piles  ran  in 
guides  on  the  platforms  above  and  below  the  capstan,  and  no 
very  great  trouble  was  experienced  in  keeping  them  straight;  io 
fact,  less  than  is  generally  encountered  in  driving  screw  piles. 

The  piles  being  slung  into  position,  the  first  step  was  to  turn  on 
the  water-jet,  and  let  the  piles  down  through  the  superficial  layer  of 
sand  without  rotating  them.  In  a  short  time  their  own  weight 
carried  them  down  several  feet,  and  this  served  to  anchor  the  whole 
system  to  a  great  extent  to  resist  any  displacement  from  the  pull  of 
the  rope.  Next,  the  capstan  was  fixed  to  one  of  the  screw  piles, 
the  rope  was  wound  round  it  and  set  in  motion. 

A  clay  stratum  was  generally  found  at  the  finishing  depth  of  27 
or  28  feet.  The  rate  of  sinking  varied  greatly.  Whilst  the  piles 
were  going  through  the  pure  black  sand  the  rate  of  progress  was 
very  rapid,  often  as  much  as  7  or  8  feet  per  hour ;  sometimes  when 
the  disc  had  reached  a  depth  of  more  than  12  feet  the  water,  being 
imable  to  get  away  with  sufficient  rapidity  from  under  the  disc, 
would  return  up  the  interior  of  the  pile  and  overflow  the  top, 
bringing  up  25  or  30  per  cent,  of  black  sand,  thus  making  an 
excavation  under  the  foot  of  the  pile,  which  materially  assisted  its 
descent.  The  clay  bands  occupied  the  larger  part  of  the  time 
required  for  sinking,  and  when  the  clay  stratum  was  struck,  in 
most  cases  close  to  the  finishing  depth,  the  last  2  inches  often  took 
two  or  three  hours  to  skik. 

The  number  of  accidents  was  very  small,  but  a  troublesome  one 
occurred.  The  bolts  of  the  second  joint  from  the  bottom  of  one  of 
the  12-inch  joints  sheared  off  when  very  near  the  full  depth,  leaving 
the  top  part  loose.  The  disc  and  bottom  lengths  were  thus  left 
buried  beneath  10  feet  of  sand  and  8  feet  of  water.  The  extraction 
of  these  pieces  caused  an  immense  amount  of  trouble.  The  flange 
of  the  top  length  was  at  length  grasped  by  four  steel  rails  provided 
with  strong  steel  projecting  pieces,  then  water-jets  were  applied  to  the 
upper  surface  of  the  disc  to  loosen  the  soil  above  it,  and  the  rails 
were  hauled  up  by  four  20-ton  jacks  bearing  upon  the  other  piles  of 
the  pier  and  also  on  an  extra  pile  sunk  for  the  purpose.  The  upward 
progress  was  very  slow,  but  after  many  slips  it  was  eventually 
extracted  and  replaced  by  a  sound  column.  The  lifting  force 
exerted  was  probably  about  50  tons. 

Where  labour  is  cheap,  as  in  India,  and  the  piles  to  be  driven  not 
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many,  it  may  be  a  question  whether  hand  labour  for  rotating  the 
piles  might  not  be  cheaper  than  steam  power,  the  transport  of  which 
to  the  site  of  the  bridge  is  sometimes  very  expensive. 

A  water- jet  might  with  advantage  be  combined  with  a  screw  pile, 
using  the  jet  alone  when  sand  might  be  encountered,  and  using  it  in 
combination  of  rotation  of  the  screw  when  passing  through  clay  or 
gravel.  The  jet  would  tend  in  such  soil  not  only  to  loosen  it,  but 
also  to  lubricate  the  screw  and  allow  it  to  rotate  more  freely.  A 
very  useful  adjunct  to  the  water-jet  would  be  a  set  of  adjustable 
nozzles  of  different  forms  and  diameter,  to  be  used  under  special 
circumstances.  In  some  soils  it  might  be  necessary  to  direct  a 
small  jet  under  very  high  pressure  rather  than  in  great  volume. 
In  other  cases,  such  as  a  stiff  clay,  the  descent  might  possibly  be 
expedited  by  an  oblique  or  even  horizontal  jet  (as  indicated  in  Fig*. 
7  and  9,  Plate  XXXII.) ;  in  such  case,  the  pipe  carrying  the  nozzle 
would  be  rotated  in  a  stuffing  box. 

With  a  vertical  jet,  where  sand  is  mixed  with  stone,  the  stones 
are  apt  to  collect  under  the  centre  of  the  jet,  as  shown  at  6,  Piatt 
XXXII.,  and  prevent  further  descent.  The  oblique  jet,  if  rotated, 
would  prevent  this  tendency,  as  the  stones  would  naturally  fall  towards 
the  lowest  part,  as  indicated  at  7,  so  as  to  clear  the  disc.  For  stiff 
clay,  a  powerful  horizontal  jet  might  be  adopted,  a.<(  shown  at  9,  the 
action  of  a  vertical  jet  being  insufficient,  as  indicated  in  Fig.  8,  Plait 
XXXII.,  to  clear  stiff  clay  away  from  the  outer  edge  of  the  disc 

The  driWng  of  wooden  piles  in  sand  may  bo  much  facilitated  by 
a  water-jet  carried  down  on  either  side  from  the  pile  to  a  short 
distance  below  its  point.  Such  pipes  should  be  kept  in  constant 
movement,  to  prevent  their  being  gripped  by  the  sand,  and  when 
the  piles  reach  their  full  depth  the  pipes  are  withdrawn,  and  can  be 
used  in  sinking  other  piles.  With  such  an  arrangement,  timber 
piles  can  be  driven  with  a  comparatively  light  monkey,  and  it  has 
been  found  that  timber  piles  so  driven  could  be  sunk  with  about 
50  blows  of  the  monkey,  whereas  without  such  an  arrangement  it 
required  nearly  200  blows. 

Pott's  vacuum  system  for  sinking  cylinders  was  first  applied  to  a 
bridge  on  the  Chester  and  Holyhead  Railway.  The  cylinders  were 
12  inches  in  diameter,  and  were  sunk  by  means  of  a  double  air- 
pump  sinking  as  the  exhausting  process  was  continued.  Afterwards 
tubes  of  6  or  7  feet  in  diameter  were  tried,  but  the  simply  exhaust- 
ing process  was  insufficient  to  overcome  the  friction  of  the  sides,  and 
a  supplementary  receiver  was  employed,  from  which  the  air  was 
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exhausted,  and  when  the  exhausting  process  had  proceeded  as  far 
as  practicable,  communication  was  suddenly  opened  between  the 
receiver  and  the  cylinder,  producing  a  double  effect,  the  shock  by 
the  sudden  rush  of  air,  combined  with  a  blow  on  the  head  of  the 
pile,  was  frequently  successful  in  starting  it  when  other  means 
failed.     The  attempt  to  sink  cylinders  10  feet  in  diameter  for  the 
l^iannon  Bridge    by  Pott's    system    failed,   and  the    sytem  was 
altogether  attended  with  such   difficulties  that  it  was  superseded 
by  the  Plenum  system,  in  which  compressed  air  is  used  to  drive 
out  the  water,  ingress  and  egress  of  workmen,  to  and  from  the  inside 
of  the  cylinder,  being  effected  by  means  of  airlocks.     The  air-lock 
shown  at  11,  PkUe  XXXII.,  consists  of  two  chambers,  one  of  which 
is  always  in  communication  with  the  cylinder,  and  in  which  the 
pressure  of   the  air  is  always  the  same    as  that   in    the  cylinder. 
The  outer  chamber  is  generally  capable  of  containing  three  or  four 
men,  and  has  two  doors,  the  inner  door  communicating  with  the 
inner  chamber,  and  the  outer  door  in  communication  with  the  open 
air.     When  any  person  desires  to  enter  the  cylinder,  he  can  enter 
the  outer  chamber,  if  it  be  in  equilibrium  with  the  outer  air  ;  then, 
by  closing  the  outer  door,  and  opening  a  cock,  he  can  establish  an 
equilibrium  of  the  air  pressure  between  the  outer  and  the  inner 
chamber,  which  can  then  be  entered.   Fig.  1 1,  Plate  XXXII.,  indicates 
the  general  features  of  the  arrangement.   The  skip,  in  which  materials 
are  raised,  can  then  be  taken  into  the  outer  chamber,  the  door  closed, 
and  an  equilibrium  established  between  the  outer  chamber  and  the 
outside  air,  so  as  to  enable  the  outer  door  to  open  and  the  skip  to 
be  emptied  out.     The  doors  open  inwardly,  so  that  the  pressure  of 
the  air  tends  to  keep  them  closed,  and  a  dove-tailed  groove  counter- 
sunk, in  which  indiarubber  is  inserted,  forms  an  air-tight  joint.     In 
some  cases  a  shoot  is  provided  for  the  products  of  excavation,  and 
this  shoot  is  also  air-locked  ;  but  the  door  at  the  bottom  of  the  shoot 
opens  outwardly,  and  is  kept  closed  by  a  screw.     In  some  cases  the  ! 

hoisting  power  of  the  skip  is  outside,  and  the  hoisting  rod  passes 
through  an  air-tight  stuffing  box.  In  large  operations,  it  is  desirable 
to  have  a  double  lock,  as  indicated  at  10,  Plate  XXXIL,  so  that  one 
compartment  may  be  in  communication  with  the  exterior,  whilst  the 
other  communicates  with  the  interior.  This  is  simply  arranged  by 
an  air-lock  in  annular  form  divided  into  two  chambers,  each  of  which 
has  a  separate  pair  of  doors  communicating  with  the  outside  air  and 
with  the  cylinder.  The  hinges  are  arranged  so  that  the  doors 
are  free  to  be  forced  tight  by  the  pressure  of  the  air ;  the  air-lock  is 

p2 

Digitized  by  VjOOQIC  ~ 


212 

fitted  up  with  a  pulley  for  hoisting  the  skips,  and  a  small  crane  for 
handling  them,  and  is  well  lighted  with  buUs-eyes.  In  some  very 
large  works  the  air-lock  is  of  such  large  dimensions  that  it  contains 
the  entire  volume  excavated  by  the  working  party,  so  that  it  will 
only  be  required  to  be  emptied  at  the  end  of  each  shift.  This  not 
only  expedites  work,  but  it  saves  the  workmen  from  the  injurioos 
action  of  frequent  changes  of  pressure.  The  working  in  compressed 
air  is,  however,  objectionable,  and  should  be  avoided,  if  practicable, 
by  the  system  of  open  well  sinking  and  dredging,  and  is  far  more 
expeditious  and  economical,  the  cost  of  foundations  by  compressed 
air  being  50  or  60  per  cent,  greater  than  that  of  open  well  fouDila- 
tion.  Working  in  compressed  air  is  very  trying  for  the  workmen; 
at  depths  of  60  or  70  feet  it  is  possible  for  the  men  to  work  long 
shifts  without  prejudice  to  health,  but  at  the  St.  Louis  Bridge,  where 
there  was  a  head  of  water  more  than  100  feet,  there  was  great 
mortality  amongst  the  workmen.  Out  of  350  men  employed  in  the 
central  pier,  30  were  seriously  injured  and  12  died.  In  the  next 
pier,  the  conditions  were  better  understood. 

In  Jutland,  several  men  were  killed  by  the  pressure  of  air  at  a 
depth  of  110  feet,  and  one  of  the  cylinders  burst,  killing  three  men. 

At  the  foundations  of  the  St.  Louis  Bridge,  over  the  Mississippi,  a 
large  wrought-iron  caisson,  or  air  chamber,  nearly  hexagonal  in 
plan,  was  lowered  to  the  bed  of  the  river;  iron  plates  were  then 
added  to  it,  so  as  to  bring  it  well  above  water  level  The  water  was 
then  pumped  out,  and  the  building  of  the  masonry  commenced  at 
the  top  of  the  air  chamber.  As  the  masonry  progressed,  and  the 
excavation  was-  carried  on  in  the  air  chamber,  the  caisson  was  snnk 
into  the  sand,  pressed  down  by  its  own  weight.  The  general  opera- 
tion of  the  plan  is  shown  in  FkUe  XXXIII.  A  well  through  the 
centre  of  the  masonry,  provided  with  steps  and  a  lift,  enabled  the 
men  to  gaiti  access  to  the  air  chamber  by  means  of  air-locks ;  aD 
irregularities  between  the  rock  and  sand  were  filled  in  with  concrete. 
The  sand  at  the  bottom  was  stirred  up  by  powerful  jets  of  water, 
and  ejected  by  sand  pumps.  Anything  that  could  not  be  ejected  hy 
these  means  was  cut  up  and  hoisted  up  piecemeal  through  smaUer 
shafts  provided  with  an  air-lock;  there  were  six  of  these  smaU 
shafts.  Men  were  only  allowed  to  work  two  shifts  of  45  minutes  in 
a  day.  A  lift  was  provided  to  save  the  men  from  ascending  the 
staircase,  and  it  was  made  compulsory  for  the  workmen  to  use  the 
lift  on  leaving  the  caisson.  The  men  wei*e  made  to  lie  down  in  the 
hospital  boat  for  a  short  time,  and  were  given  small  dosee  of 
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stimulants  before  they  departed  to  their  homes.     Plate  XXXIV. 
^ow8  the  ari-angement  of  caissons  at  the  Forth  Bridge. 

On  one  occasion  I  had  to  found  the  pier  of  the  bridge  of  two  spans 
of  150  feet  near  the  mouth  of  the  river;  the  bottom  was  of  rock, 
very  irregular  in  form,  varying  in  depth  from  12  to  16  feet,  the  tidal 
nse  being  only  about  2  feet  To  prepare  such  foundations  to  receive 
^he  masonry  by  removing  the  rock  would  have  been  a  very  expensive 
operation.  I  decided,  therefore,  on  making  an  island  by  the  deposit 
pf  a  large  mass  of  broken  stone  from  barges  until  it  had  reached  high 
water  level.  A  portion  of  the  stone  was  then  removed  to  the  depth  of 
low  water  level  in  such  a  way  to  form  a  pit  for  the  reception  of  the 
concrete,  leaving  a  stone  wall  or  margin  around  it.  The  interstices 
in  the  bottom  of  the  pit  were  then  tilled  with  stone  broken  small, 
then  sea  sand  was  washed  into  the  interstices  which  still  remained. 
The  whole  surface  at  the  bottom  of  the  pit  was  then  consolidated  by 
blows  from  a  heavy  monkey  on  the  pile  engine,  and  the  pit  was 
filled  with  concrete  in  cement,  on  which  the  masonry  was  built ;  this 
foundation  was  made  at  a  comparatively  low  cost,  and  was  entirely 
satisfactory. 


LECTURE    IV. 


Tunnels. 


Tunnels  should  always  be  made  on  such  a  gradient  as  will  allow 
perfect  drainage  of  the  water  percolating  into  them.  If  the  tunnel  is  a 
summit  tunnel  the  gradient  will  probably  fall  from  the  centre  in 
both  directions,  but  if  it  should  be  on  a  steep  gradient  this  cannot 
always  be  managed,  and  in  that  case  if  the  percolation  of  water  is 
considerable,  it  becomes  difficult  to  drive  the  heading  from  the 
upper  end.  When  timnelling  operations  are  to  be  carried  out, 
an  adaptation  of  appliances  generally  used  in  mining  for  minerals 
will,  as  a  rule,  be  found  the  most  rapid  and  economical  manner  for 
executing  tunnel  work.  The  appliances  in  mining  are  the  outcome  of 
years,  I  may  say  of  generations,  in  the  work  of  excavating,  remov> 
ing  rocks  and. earths  of  all  kinds,  and  some  of  our  best  engineers,  in 
the  early  days  of  railways,  gained  their  experience  in  collieries  and 


Digitized  by  VjOOQ IC 


214 

other  mines.  Of  late  years  improvements  in  machinery  and  manu- 
facture, and  the  great  magnitude  of  modern  tunnels,  have  created 
appliances  special  to  their  kind. 

Centreings  for  tunnels  should  generally  be  designed  either  as 
queen-post  trussed  or  else  so  arranged  so  that  a  clear  view  may  be 
obtained  through  their  centre  for  the  purpose  of  setting  out.  Iron 
centreings  and  stinitting  have,  of  late  years,  been  much  used  for 
tunnelling,  and  have  much  to  recommend  them  ;  their  great  strength 
and  diminished  bulk,  the  facilities  they  afford  for  taking  down, 
slacking  off  and  putting  on  pressure,  render  them  very  convenient 
in  many  ways.  When  a  tunnel  is  straight,  and  the  setting  out  is 
done  from  both  ends,  the  matter  is  simple ;  but  when  the  setting 
out  has  to  be  done  from  shafts,  it  can  only  be  done,  in  the  first 
instance,  from  wires  arranged  in  an  absolutely  correct  line  at  the 
top  of  the  shaft.  To  the  end  of  these  wires  are  suspended  heavy 
weights,  either  in  water  or  even  more  viscid  material,  such  as 
heavy  oils,  to  prevent  oscillation  or  vibration.  The  direction  of 
these  wires  in  a  long  tunnel  is  primarily  determined  by  a  powerful 
transit  instrument;  it  is  evident  that  the  greatest  care  must  be 
observed  in  determining  the  direction  by  such  means,  for  the  length 
of  base  line  at  the  bottom  of  the  shaft  is  limited  by  the  diameter  of 
the  shaft,  and  any  slight  error  may  prove  to  be  very  serious  when 
the  line  thus  set  out  has  to  meet  another  which  has  been  run  from 
the  next  shaft.  The  setting  out  should  be  checked  over  and  over 
again,  each  time  independently,  until  a  good  long  base  line  has  been 
established.  It  is  not  prudent  to  depend  upon  points  that  have 
been  fixed  by  a  transit  instrument  if  they  are  on  or  adjacent  to  the 
top  of  a  shaft,  as  the  sinking  operation,  in  disturbing  the  earth 
below,  might  affect  the  relative  position  of  such  points,  and  a  very 
minute  alteration  in  their  position  would  be  serious.  When  tunnels 
are  not  on  a  straight  line,  the  diflSculty  is  greatly  increased,  and 
great  care  is  necessary  in  determining  the  length  of  tangents.  The 
centre  line  must  be  very  carefully  laid  out  on  the  surface  of  the 
ground,  especially  if  it  be  precipitous  and  irregular.  In  some  cases 
chaining  is  not  sufficiently  accurate,  the  measurements  must  be 
taken  by  rod  and  plumbed.  The  longest  tunnel  on  the  Ceylon 
Railway  enters  with  a  sharp  curve  of  660  feet  radius,  then  there  is 
a  short  portion  of  straight  line,  and  another  curve  of  660  feet  radius 
running  in  a  reverse  direction,  the  whole  tunnel  being  on  an  in- 
clination of  1  in  45.  It  bad  to  be  set  out  from  both  sides,  and  the 
greatest  care  had  to  be  exercised  :  the  centre  line  was  set  out  many 
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times  in  succession,  each  time  independently  of  any  former  opera- 
tion. The  check  was  so  satisfactory  that  the  headings  met  exactly 
in  the  middle. 

There  are  several  «y8tems  of  working  tunnels,  each  of  which  haye 
their  advantage  under  different  conditions.  Sometimes  tunnels  are 
commenced  under  one  system  and  changed  to  another  as  the  condi- 
tions may  be  found  to  vary.  Tunnels  in  moderately  hard  sandstone 
give  the  least  trouble,  and  the  construction  of  tunnels,  even  in  hard 
rock  free  from  shakes,  ia  a  simple  question  of  drilling  and  blasting. 
Timnels  through  shaken  rock  or  water-bearing  strata  are  very 
troublesome,  but  the  greatest  difficulty  is  experienced  in  driving 
tunnels  through  clay  which  expands  on  exposure  to  air. 

In  short  tunnels  of  hard  rock,  which  require  no  lining,  the  most 
convenient  system  of  driving  the  heading  is  at  the  top.  This  allows 
the  work  of  completion  to  ^follow  up  the  heading  rapidly  by  the  con- 
centration of  a  large  number  of  drillers  on  ledges  or  steps,  each  step 
clearing  a  face  for  the  next  set,  as  indicated  in  diagram  at  A,  Plate 
XXXV.  It  is  advanti^eous  to  get  the  heading  through  as  soon  as 
possible  for  the  purpose  of  ventilation.  The  heading  should  be  on 
the  centre  line,  for  convenience  of  setting  out.  It  should  be  about 
6  feet  square  in  section  if  not  worked  by  machine ;  but  for  machine 
work  a  heading  about  8  or  9  feet  square  is  more  convenient,  so  that 
the  machine  drills  may  be  woiked  on  a  machine-carriage.  For  clay 
or  water-bearing  strata  the  £nglish  system  of  working,  indicated  in 
Figs,  B  and  C,  Plate  XXXV.,  is,  as  a  rule,  the  best  for  rapidity  and 
economy  of  construction,  and  it  is  safer  in  plastic  soil;  it  has  the  ad- 
vantage of  free  space  for  working  and  ventilation;  the  materials  ex- 
cavated are  easily  removed,  the  timber  withdrawn,  and  there  is  less 
interference  with  the  masons  than  in  other  systems.  It  has  been 
greatly  used  on  the  Continent  and  in  America,  and  in  some  cases 
tunnels  commenced  on  other  systems  have  been  completed  on  the 
English  system.  The  roof  is  supported  by  top  bars  of  timber,  whilst 
a  lower  core  is  taken  out,  leaving  a  clear  space  of  12  or  14  feet  in 
length  for  the  centreing  and  for  masons  to  build  the  lining.  The  top 
bars  are  drawn  back  from  time  to  time  as  the  masonry  progiesses. 

The  Belgian  system  {Fig,  3,  Plate  XXXV.)  has  the  advantage  of 
affording  speedy  and  secure  protection  for  the  roof  in  quicksand  and 
shaky  rock,  but  it  involves  under-pinning  the  masonry,  which,  in  some 
cases,  is  a  very  difficult  matter.  In  the  Belgian  system  the  central 
core  is  sometimes  left  in  while  the  side  walls  are  being  completed, 
and  sometimes  taken  out  as  soon  as  the  roof  is  secured. 
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The  German  system  (Fig.  1,  Plate  XXXV.)  is  carried  out  by  nmning 
two  headings,  one  at  each  side  of  the  tunnel,  leaving  a  core  in  the  mid- 
dle. Tbe  side  walls  are  first  built,  then  the  upper  portion  of  the  core  is 
cleared  away  and  the  roof  supported,  as  shown  in  the  diagram 
whilst  the  crown  of  the  arch  is  being  built ;  afterwards  the  central 
core  is  cleared  out  The  advantage  of  the  German  system  is  that 
in  hard  ground  it  gives  cheap  working,  the  core  being  easOj 
removed,  having  several  faces,  and  it  also  avoids  temporary  support 
thus  saving  timber ;  but  in  soft  ground  the  core  does  not  aflford  a 
reliable  support,  and  the  system  involves  crowding,  difficulty  of 
removing  broken  timber,  and  bad  ventilation.  • 

The  iron  system  (Fig.  2,  Plate  XXXV.)  has  a  cast-iron  centreing, 
built  up  of  short  segments  bolted  together,  on  which  the  lagging  rests, 
while  segmental  frames  support  the  roofs  and  sides.  The  frames  are 
separate  and  bolted  to  the  centreing  in, such  a  way  that  theycao 
easily  be  detached  one  by  one  as  the  masonry  is  being  carried  up^  so 
as  to  leave  only  a  short  space  unprotected  between  the  frames  and 
the  masonry,  and  this  space  may  be  minimized,  if  necessary,  by  iron 
plates  kept  up  by  struts  adjustable  by  screws.  About  eight  of  these 
centreings  are  required  for  each  face;  that  which  is  furthest  from  the 
face  being  brought  forward  as  the  masonry  is  completed  above  it. 

The  mode  of  deep  tunnelling  adopted  by  the  South  London  Rail- 
way deserves  a  passing  notice,  though  it  can  only  be  adopted  in 
special  cases,  such  as  cities,  and  can  scarcely  come  under  the  category 
of  ordinary  railway  construction. 

The  tunnel  is  circular  in  section,  and  is  made  up  of  short  cast-iron 
segments  with  internal  flanges.  A  shield,  with  a  cutting  edge 
slightly  larger  than  the  outer  diameter  of  the  tunnel,  and  forming  a 
short  sleeve  outside  it,  is  forced  forward  by  hydraulic  rams,  the 
clay  behind  it  being  cleared  away  through  an  aperture  in  the  shield. 
As  the  shield  progresses,  fresh  lengths  of  segments  are  added  to  the 
tunnel  within  the  sleeve  ;  the  clearance  space  of  the  shield,  about  an 
inch  round  the  tunnel,  is  then  grouted  with  cement,  forced  under 
pressure  through  holes  in  the  segmental  plates  which  form  the 
periphery  of  the  tunnel. 

In  working  a  tunnel  in  rock  it  is  a  mistake  to  blow  out 
lumps  so  large  that  they  cannot  be  easily  handled,  and  require 
to  be  broken  up,  possibly  with  fresh  holes  drilled  in  them,  be- 
fore the  face  can  be  cleared  sufficient  to  commence  operations  in 
drilling.  The  ddbiis  should  be  of  such  a  character  that  the  working 
face  may  be  quickly  cleared  to  enable  the  drillers  to  resume  work 
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with  as  littlei  delay  as  possdble  after  shots  have  been  fired ;  moreover, 
large  shots  are  apt  to  shake  the  rock  and  may  bring. away  more  than 
required,  or  render  the  roof  of  the  tunnel  unsafe  for  working.  It 
economizes  time  if  iron  plates  are  laid  down  on  the  floor  in  front  of 
the  face  so  that  when  the  shots  are  fired  the  bulk  of  the  dSbris  will 
fall  upon  them;  then,  after  the  larger  lumps  have  been  cleared 
away,  the  surface  of  these  plates  will  guide  the  points  of  the  shovel 
and  thus  enable  the  small  ddbiis  to  be  loaded  up  expeditiously. 

The  running  out  of  the  spoil  requires  careful  consideration,  and 
should  be  as  simple  as  possible.  I  have  seen  most  elaborate  and  in- 
genious arrangements  made,  which  have  been  practically  unwork- 
able in  consequence  of  their  complex  nature,  and  were  constantly 
getting  out  of  order,  when  the  ordinary  temporary  shift  rails  would 
have  served  every  purpose  and  have  been  infinitely  better. 

Another  point  worthy  of  notice  is  the  necessity  for  draining  the 
ground  above  the  face  of  tunnels,  which  not  iinfrequently  start 
from  the  bottom  of  a  gulley  or  ravine,  so  that  the  drainage  of  the 
hill-side  tends  to  collect  behind  the  face  wall,,  and  cause  serious 
inconvenience  and  even  danger.  Such  drainage  should  be  diverted 
by  means  of  cross  drains  to  lead  it  into  the  side  drains  of  the 
approach  cutting,  at  a  point  some  distance  from  the  face  of  the 
tunnel,  and,  if  practicable,  to  divert  it  altogether  from  the  railway. 

In  first  opening  a  tunnel  in  sound  ground  or  rock,  the  approach 
will  generally  be  taken  out  of  the  face,  and  then  the  top  heading 
commenced  without  waiting  for  the  cutting  to  be  bottomed  out  to 
formation  level,  thus  saving  time  in  making  commencement  In 
some  cases  a  portable  staging,  as  shown  at  Fig.  D,  Plate  XXXV., 
may  be  employed  to  facilitate  the  tipping  of  the  material  into  ordinary 
waggons  from  small  working  tinicks,  by  which  the  heading  is  worked. 
Care  should  be  taken  that  the  shoots  are  inclined  at  such  an  angle 
that  the  waggons  may  not  be  injured  by  the  d^biis  tipped  into  them. 

In  timnels  where  there  is  no  necessity  for  shoiing  and  strutting, 
it  may  be  convenient  to  mount  the  centreings  on  a  staging  carried 
on  wheels  and  travelling  on  rails  {Figs,  E  and  F,  FkUe  XXXV.),  so 
that  it  may  be  brought  into  position  and  then  jacked  up  about  a  foot 
to  the  proper  level  and  supported  on  wedges.  When  the  brickwork 
hning  has  been  completed,  the  wedges  are  slackened,  and  the  whole 
staging  again  lowered  on  to  the  rails  and  pushed  forward  to  be  ready 
for  the  next  length  of  arching.  It  may  appear  that  the  lift  of  a  foot  is 
an  unnecessary  height  to  allow  for  clearance,  but  there  is  sometimes  not 
much  to  spare  in  the  arches  and  near  the  springing  of  the  arch,  and 
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the  centreings  should  be  lagged  not  too  low  down,  otherwise  they 
cannot  be  eased.  Wedges  may  be  put  in  between  the  centreing  and 
the  arch  if  there  should  be  any  tendency  to  movement.  Care  should 
be  taken  to  pack  thoroughly  all  spaces  above  the  arch  and  behind 
the  side  walls.  When  there  is  much  blasting  to  be  done,  the  staging 
and  centreings  cannot  be  kept  close  up  to  the  work,  but  when  the 
tunnel  is  of  material  that  may  be  got  out  with  the  pick,  the  staging 
may  follow  very  close  upon  the  completed  section,  and  may  be  used 
as  a  tipping  stage.  The  centreings  should  be  *'  queen  post,"  to  allow 
small  tip-waggons  to  run  through  them. 

Labour  may  be  economized  in  driving  a  heading  through  hard 
rock  by  a  judicious  selection  of  the  position  and  direction  for  the 
holes  for  blasting,  and  the  order  in  which  they  are  iired.  The 
object  to  be  aimed  at  with  the  first  shots  is  to  clear  out  one  portion 
of  the  face,  which  will  leave  the  remainder  less  rock-bound  for  the 
succeeding  shots.  This  may  be  effected,  as  shown  at  4,  Plate  XXXV,, 
either  by  a  central  set  of  holes,  which  are  first  fired  to  clear  out 
the  central  cavity,  and  this  is  followed  up  by  shots  all  round ;  or  it 
may  be  done,  as  shown  at  5,  Plate  XXXV.,  by  holes  drilled  in  such  a 
way  as  to  undercut  the  face,  the  holes  marked  by  the  deep  black  being 
fired  as  a  first  volley,  those  not  deeply  shaded  as  a  second,  and  those 
not  shaded  at  all  as  a  third  volley.  If  fired  by  electricity,  or  even  by- 
quick  fuse,  arrangements  can  easily  be  made  to  fire  the  shots  in  each 
volley  simultaneously.  It  is  not  prudent  to  load  more  holes  than 
can  be  fired  at  one  volley. 

Stray  points  projecting  beyond  the  line  of  standard  dimensions 
in  finishing  up  a  tunnel  may  be  removed  without  drilling  by  attach- 
ing a  dynamite  cartridge  loosely  to  the  projection  and  firing  it. 

Two  great  difficulties  experienced  in  tunnelling  are  want  of  light 
and  air.  Light  can  be  thrown  into  a  straight  tunnel  for  some 
distance  by  reflecting  the  sunlight  from  an  ordinary  mirror  on  to  a 
screen,  in  order  to  diffuse  the  light,  but  the  prevalence  of  powder 
smoke  in  the  tunnel  prevents  to  a  great  extent  the  use  of  such  a 
mode  of  lighting.  Oil  lamps  of  the  usual  torch  fashion  are  ex- 
tremely wasteful,  and  make  an  appreciable  item  in  the  cost,  besides 
which,  they  vitiate  the  air.  It  is  probable  that  electrical  rock  drills 
will  come  into  larger  use  than  at  present,  and,  if  so,  the  electric 
light  can  be  produced  by  the  eleccricity  provided  for  the  drills. 
The  use  of  compressed  air  is,  however,  valuable  in  supplying  fresh 
air  to  the  workings.  The  best  mode  of  ventilation  is  to  push 
through  with  the   heading  as    rapidly  as  possible,  and  when  the 
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tunnel  is  on  an  incline  it  will  produce  regular  draught  through 
the  tunnel.  When  this  is  insufficient,  ventilation  may  be  effected 
by  bratticing  either  by  employing  a  furnace  with  a  chimney  to 
create  a  draught,  or  the  air  may  be  forced  through  a  tube  by  valved 
air  bells  working  in  water.  An  ordinary  fan  blast  may  be  used 
where  the  length  of  the  tunnel  is  not  very  great.  In  temperate 
climates  the  want  of  ventilation  is  not  so  severely  felt  as  in  the 
tropics,  where  the  temperature  of  a  tunnel  may  occasionally  rise  to 
120"  or  130",  rendering  it  almost  impossible  to  work. 

When  compressed  air  is  used,  the  atmosphere  of  the  tunnel  may 
be  cleared  rapidly  of  smoke  immediately  after  firing  the  shots  by 
using  a  sprayer  or  nozzle,  by  which  the  compressed  air  can  draw 
water  and  convert  it  into  spi'ay,  which,  if  directed  to  all  parts  of  the 
tunnel  near  the  working  face,  will  rapidly  beat  down  smoke. 

In  first  opening  a  tunnel,  the  approach  is  generally  gulleted  to 
the  face,  and  then  the  heading  is  commenced.  It  is  a  great  mistake 
to  endeavour  to  reduce  the  length  of  the  tunnel  at  the  expense  of 
too  deep  a  cutting  in  the  approach,  especially  if  the  cutting  be  in 
material  liable  to  slip,  or  be  in  shaken  rock.  The  economic  depth  at 
which  the  cutting  should  end  and  the  tunnel  commence,  of  course, 
varies  with  the  special  condition  of  each  case ;  the  cost  per  unit 
length  of  tunnel  has  to  be  weighed  against  that  of  cutting  to  deter- 
mine the  point.  Roughly  speaking,  it  is  generally  between  40  and 
50  feet.  But  if  on  opening  out  th^  approaches  there  be  any  chance 
of  slips,  it  is  prudent  to  stop  short  at  the  economic  depth  of  cutting 
and  begin  the  tunnel.  Should  any  slip  be  developed  where  the 
cutting  is  very  deep,  progress  should  at  once  be  stopped,  and  a 
length  of  masonry  should  be  put  in  and  covered  up  with  earthwork 
as  soon  as  possible  before  breaking,  ground  for  the  heading. 

In  the  course  of  one  of  my  inspections  I  found  the  heading  of  the 
timnel  started  from  an  approach  in  shaken  rock  that  had  been 
excavated  to  a  depth  that  appeared  to  me  so  dangerous,  considering 
the  character  of  the  rock,  that  I  ordered  the  engineer  in  charge  of 
the  tunnel  to  secure  it  at  once  in  the  manner  indicated  above.  But, 
before  he  could  carry  out  the  order,  a  large  slip,  or  succession  of 
slips,  blocked  the  mouth  of  the  heading,  and  it  was  weeks  before  the 
heading  could  be  re-opened,  and  then  only  at  a  great  expense  under 
a  shield  built  of  timber  and  covered  with  earth.  When  a  tendency 
to  slip  is  unexpectedly  developed,  it  may  be  necessary  to  construct 
in  the  gullet  a  temporary  covering  of  timber,  filling  it  over  with 
earth,  as  shown  at  Q,  Plate  XXXVI.     The  heading  must  be  then 

Digitized  by  VjOOQ IC 


220 

driven  to  a  safe  diiitancc  from  the  approach,  and  after  putting  in  a 
few  lengths  of  tunnel  lining  in  masonry  to  act  as  the  base  of  opera- 
tion, then  to  proceed  to  work  outwards,  as  shown  at  P  and  8,  Plate 
XXXVI.,  through  the  space  that  has  been  covered  over  as  if  it  were 
undisturbed  ground,  taking  all  the  precautions  necessary  in  ordinary 
tunnelling  through  difficult  soil. 

Shafts  are  used  either  to  shorten  the  time  at  completion  by 
attacking  the  tunnel  at  a  number  of  faces  simultaneously,  or  to  save 
a  long  lead  of  the  spoil.  The  distance  of  shafts  apart  must  vary  in 
the  proportion  of  the  depth  and  the  cost  of  sinking  them.  Shafts 
are  sometimes  also  sunk  for  purposes  of  ventilation ;  they  should  be 
from  6  to  9  feet  in  diameter  in  the  clear.  Horse  or  bullock  gins, 
where  labour  is  cheap  and  fuel  expensive,  will  probably  be  more 
economical  for  working  the  shafts  than  steam  hoists.  When  shafts 
are  left  in  permanently  for  purposes  of  ventilation,  the  junction  with 
the  tunnel  lining  is  often  made  with  a  cast-iron  curb,  but  in  some 
cases  with  hard  bricks,  as  indicated  in  Figs,  F  and  G,  Plate  XXXVI. 
At  the  junction  of  the  shaft  with  the  tunnel  the  lining  of  both  the 
shaft  and  tunnel  should  be  increased  in  thickness. 

A  tunnel  may  be  unlined,  as  at  A,  Plate  XXXVI.,  when  it  is  in 
sound  rock ;  or  quarter-lined,  as  at  B ;  or  half -lined,  as  at  C,  by  turning 
an  arch  to  prevent  loose  or  shaky  bits  of  rock  in  the  roof  from  being 
detached  or  disintegrated  ;  or  three-quaiter  lined,  as  at  D,  when  the 
sides  require  support ;  or  fully  lined,  as  at  E,  with  an  invert  under 
the  railway  when  the  material  is  soft  or  wet,  or  subject  to  heavy 
pressure  from  expansion.  Tunnels  are  generally  of  false  elliptical 
section,  with  curved  sides  of  flatter  radius  changing  into  a  ciu've  of 
sharper  radius  at  the  top.  They  are  generally  made  more  lofty  than 
is  necessary,  to  clear  the  standard  dimensions,  as  well  as  to  allow 
for  ventilation;  and  where  difficult  soil  has  to  be  met  with  it  is 
well  to  allow  a  considerable  margin  in  all  directions  beyond  the 
standard  dimensions  to  provide  against  contingencies.  Where 
the  tunnel  does  not  give  much  margin,  sheltered  recesses  should 
be  left  at  frequent  intervals  for  workmen  to  avoid  passing  trains, 
and  at  less  frequent  intervals  recesses  of  a  larger  character  should 
be  made  for  stowing  away  tools,  plant,  and  materials.  In 
some  soils,  such  as  clay,  which  expands  on  exposure  to  the  air,  a 
circular  form  should  be  adopted  as  best  suited  to  resist  pressure 
in  all  directions.  As  an  extreme  case  of  pressure,  I  may  mention 
that  in  a  tunnel  on  one  of  the  Italian  railways  about  two-thirds  of 
the   cubic   cont<5nts  of  the   tunnel  were  occupied  by  strong  oak 


Digitized  by  CjOOQ IC 


221 

strutting  and  shoring,  but  even  then  the  pressure  crushed  the 
timber  so  that  it  could  not  be  used  a  second  time  in  the  same 
tunnel.  The  masonry  lining,  4  feet  in  thickness,  closed  in  so  much 
that  the  trains  could  not  pass,  and  although  in  some  places  it  was 
possible  to  cut  away  the  masonry  sufficiently  to  obtain  the  desired 
dimensions,  in  others  it  was  necessary  to  rebuild  the  arch  entirely, 
and  eventually  of  a  section  almost  circular. 

In  a  tunnel  in  the  London  clay,  under  the  Crystal  Palace,  the 
«ection  was   originally  a  false  ellipse,    in   the  form   indicated  at 
L,  Platfi  XXXVI.,  but  it  was  forced  in ;   the  dotted  lines  show 
the  position   which  the  inner  line   of   the  tunnel  assumed  under 
the  pressure  of  the  clay,   and   strong  timbers   placed  across  the 
tunnel    to  resist  the  bulging  were  crushed.      The   expansion   of 
the  clay  does  not  take  place  immediately  on  exposure  to  the  air;  it 
is  necessary,  therefore,  to  open  out  lengths  as  short  as  possible 
and  to  use  the  utmost  expedition  in  getting  in  the  masonry  and 
covering  up  the  clay.     Figs,  H,  J,  and  K,  Plate  XXXVI.,  show  the 
section  of  the  tunnel  finally  adopted,  and  the  mode  of  procedure  in 
working.     A  crown  heading,  as  small  as  practicable  for  convenient 
working,  is  driven  into  the  length  to  be  taken  out.     The  crown  bars 
are  then  drawn  forward  and  covered  with  polling  boards,  one  end 
of  each  bar  resting  on  the  masonry,  which  is  still  supported  by  the 
centres ;  the  other  end  is  supported  temporarily  on  props.     In  some 
cases  the  crown  bars  cannot  be  drawn  forward,  but  are  bricked  in 
and  fresh  bars  substituted  for  them.     The  crown  bars  are  generally 
round  timber,  varying  in  diameter  from  10  to  18  inches,  according  to 
their  position  and  the  character  of  the  material ;  they  are  generally 
spaced  about  2  feet  6  inches  apait  from  centre  to  centre,   with 
•  greater  distances  at  the  sides.     They  are  kept  apart  by  struts  of 
about  4  inches  diameter ;   the  props  vary  from  6  to  10  inches  in 
diameter ;  spaces  are  sometimes  left  between  the  polling  boards  to 
relieve  the  pressure  of  the  expanding  clay,  but  in  water-bearing  sand 
close  polling  is  necessary.     As  the  excavation  proceeds,  the  bars  are 
drawn  forward  in  succession,  supporting  them  with  temporary  props 
until  a  height  of  8  or  10  feet  of  the  upper  portion  has  been  exca- 
vated.    A  sill  is  then  inserted  and  the  bars  supported  by  props 
resting  upon  it  so  as  to  release  the  temporary  props ;  the  sills  are 
held  in  place  by  strong  raking  timbers,  as  well  as  stretchers  abutting 
against  the  finished  masonry.     As  the  excavation  is  carried  lower 
and  lower,  raking  back  props  are  inserted  and  supported  in  a  similar 
manner.    The  number  and  strength  of  the  rakers  and  props  must 
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vary  according  to  the  character  of  the  clay.  As  soon  as  the  exca- 
vation is  ready,  no  time  is  to  be  lost  in  relieving  the  timber  from 
pressure  ;  the  inveit  is  first  laid  on  the  clay  shaped  by  templates  to 
receive  it,  and  the  sides  carried  up  as  expeditiously  as  possible, 
every  arrangement  being  made  beforehand  to  fix  the  centres  and 
commence  turning  the  arch  as  soon  as  the  masonry  sides  reach 
springing  level.  The  best  mode  of  supporting  the  centres  is  on 
longitudinal  timbers  resting  on  a  shelf  corbelled  out  on  the  brick- 
work of  the  lining,  as  shown  in  the  diagram  at  K,  PlaU  XXXVI. 
The  centres  are  generally  four  to  the  length,  those  in  the  middle 
being  about  2  feet  apart  from  centre  to  centre,  so  as  to  enable  the 
bricklayer  to  reach  over  and  work  between  the  two  inner  centres; 
the  leading  centre  is  stronger  than  the  others.  In  tunnels  of  this 
kind  only  the  very  best  and  hardest  bricks  should  be  used,  either 
compressed  machine  made,  or  Staffordshire  blue  brick,  or  others 
suitable  for  the  purpose. 

In  short  tunnels  through  rock,  hand  labour  would  probably  be  less 
expensive  than  machinery,  especially  where  labour  is  cheap;  but  where 
the  tunnel  is  long  enough  to  make  it  worth  while  to  bring  up  machinery, 
and  the  material  is  very  hard,  it  would  be  found  that  the  saving  in 
time  will  compensate  even  for  a  higher  rate  in  cost  of  workingi  As 
a  matter  of  fact,  taking  all  the  expenses  into  consideration,  there  is 
not  much  difference  between  hand  and  machine  tunnelling  in  cost 
where  labour  is  cheap.  In  Europe  and  the  United  States,  where 
labour  is  expensive,  machine  tunnelling  is  generally  more  economical 
as  well  as  more  rapid.  It  is  advantageous  to  use  water  power  when 
it  is  available ;  a  small  quantity  with  a  high  head  will  give  out  great 
power  on  a  tangent  wheel,  or  the  Girard  turbine,  or  other  suitable 
motor.  The  water  after  use  in  the  motor  is  also  useful  for  cooling 
the  air  in  places,  and  it  may  be  worth  while  to  bring  water  from 
some  distance  when  a  long  tunnel  has  to  be  driven. 

The  difficulty  in  tunnelling,  as  well  as  in  mining,  is  the  small 
number  of  men  that  can  work  on  one  face,  limited  by  the  size  of  the 
face  and  the  number  of  the  faces.  The  use  of  powerful  explosives 
and  machine  drills  has  greatly  diminished  the  time  in  which  tunnels 
can  be  driven. 

In  the  Mont  Cenis  tunnel  the  heading  was  10  feet  square,  and  the 
rock  drills  worked  with  compressed  air;  the  drills  were  carried  on  a 
strong  iron  frame  moved  forward  on  rails.  The  number  of  drills 
that  could  be  conveniently  used  was  about  11  or  12.  The  drills 
could  work  in  any  direction,  but  practically  it  was  found  economical 
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to  drill  the  holes  nearly  horizontal,  so  that  one  machine  might  not 
interfere  with  the  other.  The  frame  carrying  the  drills  was  pro- 
vided with  an  engine  worked  also  by  compressed  air  for  advancing 
or  withdrawing  it  from  the  working  face;  the  holes  were  bored  so 
that  the  rock  could  be  brought  away  in  small  pieces,  in  order  to  save 
labour  and  time  in  removing  the  ddbris  after  each  blast.  The  relative 
position  of  the  heading  in  the  tunnel  section  is  shown  at  M,  Plate 
XXXVL,  the  position  of  the  holes  is  shown  at  N ;  the  holes  were  of 
1|  inch  diameter,  and  from  2  feet  6  inches  to  3  feet  deep,  and  four 
large  holes  3  inches  diameter  were  bored  to  the  same  depth  as  the 
other  holes,  to  ease  the  rock  and  increase  the  effect  of  the  blast,  but 
these  were  not  charged.  The  holes  shown  in  black  were  exploded 
first  of  all  to  make  a  central  cavity,  those  shaded  lighter  were  next 
exploded,  and  those  that  are  not  shaded  were  exploded  last  of  all. 
On  the  average  the  rock  drills  worked  from  6  to  8  hours,  then  1 J  to 
2  hours  were  occupied  in  charging  and  firing,  and  3  to  5  hours  in 
moving  the  products  of  the  explosion.  The  rock  drills  made  about 
250  strokes  to  the  minute,  and  four  machines  were  kept  in  reserve 
for  every  machine  working,  to  allow  for  repairs  and  renewals.  The 
rate  of  boring  was  about  3  inches  per  minute  in  syenite  and  hard 
limestone,  8  inches  in  grey  sandstone,  and  1 1  ^  in  gypsum. 

In  the  St.  Gothard  tunnel,  through  granitic  gneiss,  the  headings 
were  8  feet  3  inches  square,  or  67  square  feet.     For  hard  rock  about 
25  holes  were  bored  from  24  to  28  inches  apart,  five  in  a  row,  except 
three  holes  in  the  centre,  which  were  16  inches  apart  on  the  face, 
converging  until  4  inches  apart  at  the  bottom  of  the  holes ;  all  the 
holes  were  bored  horizontally.     The  best  depth  for  dynamite  was 
found  to  be  about  4  feet.     Holes  were  made  successively  smaller, 
beginning  at  1^  inch  to  1|  inch,  IJ  inch  and  IJ  inch.     The  car- 
tridges were  an  inch  in  diameter.     The  frame,  carrying  six  drills, 
was  blocked   up  about  5  feet  from   the   face.      The    perforation 
required  about  2^  to  3  hours.   When  the  last  holes  had  been  driven, 
the  frame  was  withdrawn  about  90  yards  and  a  waggon  placed 
before  it  to  receive  the  fragments.     The  first  explosion  blew  out  a 
conical  cavity,  which  increased  the  effect  of  the  other  shots  around  it. 
The  remaining  holes  were  then  charged  with  each  about  lib.  of 
dynamite.     The  lower  row  remained  until  the  others  had  been  fired 
simultaneously,  and  then  were  exploded.     The  quantity  of  rock 
blown  out  at  each  shift  was  about  8J  cubic  yards.     When  the  rock 
was  rotten  fewer  holes  were  bored.     The  spoil  was  removed  by  a 
compressed  air  locomotive.    The  tunnel  was  ventilated  by  two  sheet- 
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iron  air  valves,  16  feet  diameter  and  5  feet  stroke,  connected  to  thi* 
end  of  an  oscillating  beam  and  working  in  water,  making  two  oscilla- 
tions per  minute,  and  discharging  about  16,000  cubic  feet  per 
minute,  the  air  being  drawn  from  the  interior  of  the  tunnel  by  a 
tube  4  feet  10  inches  diameter  placed  close  to  the  soffit  of  the  arch. 
This  tunnel,  9^  miles  in  length,  required  nine  years  for  its  com- 
pletion. 

For  the  conversion  of  a  narrow-gauge  tunnel  into  a  tunnel  of  broader 
gauge,  or  for  the  conversion  of  a  single-line  tunnel  into  a  double-lipe 
tunnel,  if  room  permits,  the  masonry  of  the  existing  tunnel  may  be 
left  in,  and  the  trains  may  continue  to  run  regularly  during  the  period 
of  conversion.  This  arrangement  is  indicated  at  R,  Tlate  XXXVI.; 
top  headings  being  driven  for  a  short  distance  at  the  proper  level 
above  the  existing  tunnel,  the  crown  of  the  tunnel  being  kept 
sufficiently  high  to  allow  mining  operations  to  proceed  without 
interference  with  the  original  tunnel.  If  the  tunnel  is  to  be  attacked 
at  several  points,  small  openings  may  be  broken  through  the  crown 
of  the  existing  tunnel  at  guch  points  and  the  headings  driven  from 
faces  established  on  each  side  of  it,  the  material  being  thrown  down 
through  openings  into  the  waggons  inside  the  tunnel.  When  prac- 
ticable, shafts  are  preferable,  as  affording  better  ventilation. 

Operations  in  such  a  case,  however,  must  necessarily  be  very 
cramped,  and  it  may  be  questionable  whether  it  be  not  preferable  to 
construct  an  entirely  independent  tunnel  alongside  the  existing  one, 
although  in  some  cases  there  may  be  objection  based  on  the  dis- 
turbance of  the  ground,  and  possible  injury  to  the  existing  tunnel 
Independent  tunnels,  if  made,  should  at  all  events  be  of  a  safe 
distance  from  existing  tunnels,  especially  through  anything  approach- 
ing the  nature  of  a  quicksand,  where  pumping  operations  may  draw 
off  the  material,  producing  cavities. 


LECTURE     V. 


KlVERS. 


In  the  preliminaiy  examination  of  a  country  there  is  a  tendency 
to  under-estimate  the  small  waterways,  as  much  water  that  passes 
almost  unnoticed  through  grass  and  scrub  in  flat  districts  is  concen- 
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trated  by  the  construction  of  railway  embankments,  and  forced  to 
pass  through  defined  channels ;  whilst,  on  the  other  hand,  there  is 
a  tendency  to  over-estimate  those  of  large  rivers,  especially  in 
alluvial  districts,  where  shallow  channels  traverse  the  river  bed  in 
irregular  sinuosities,  and  these  are  forced  into  deep  channels  wben 
concentrated  by  the  construction  of  a  bridge.  Information  given 
bj'  villagers  of  the  height  of  floods  is  generally  very  contradictory  and 
often  unreliable,  but  the  construction  of  a  railway  generally  tendsj 
by  concentration,  to  raise  the  water-level  above  the  highest  flood 
on  record.  It  is,  therefore,  desii-able  to  give  a  good  margin  of 
headway.  Plates  XXXVII,  and  XXXVIII.  show  the  result  of 
insufficient  headway. 

In  some  cases,  where  the  bed  of  a  river  is  dry  for  several  seasons, 
it  is  difficult  to  distinguish  the  bed  from  the  surrounding  country. 
I  remember  one  ease  in  which  the  engineer  reconnoitring,  actually 
passed  through  a  bed  of  a  river  without  being  aware  of  it.  The 
bed  was  cultivated,  yet  in  very  rainy  seasons  it  was  nearly  a 
mile  in  width.  As  the  river  was  one  that  was  very  seldom  in 
flood,  I  decided  to  cross  it  with  a  causeway  until  some  definite 
experience  could  be  obtained  after  the  embankments  had  been 
thrown  up. 

The  maximum  flood  discharge  of  a  river  must  often  be  a  matter 
of  great  uncertainty,  and  it  is  very  difficult  to  determine  the  maxi- 
mum amount  o£  water  that  has  to  be  passed  through  at  a  given 
period.  The  method  that  naturally  suggests  itself  is  to  ascertain 
the  drainage  area  and  the  maximum  rainfall  from  such  records  as 
may  exist,  and  calculate  the  total  quantity,  making  due  allowance 
for  absorption.  Several  formulae,  based  on  the  experience  of  large 
rivers,  are  more  or  loss  usefid  for  the  individual  districts  on  which 
they  have  been  based,  but  it  is  evident  that  such  formulae  must  be 
used  with  great  caution,  for  no  two  localities  present  the  same  con- 
ditions. I  may  cite  two  cases,  of  entirely  different  character,  to  show 
how  little  dependence  can  be  placed  on  co^efficients  depending  on 
a  given  catchment  area  or  length  of  main  drainage.  At  Cherra 
Punji  the  annual  rainfatU  is  somewhere  from  about  600  to  800  inches, 
yet  at  Shillong,  only  30  miles  distant,  the  rainfall  is  barely  over  100 
inches.  The  moisture-laden  clouds,  coming  straight  over  from  the 
Bay  of  Bengal,  pass  over  the  moist  warm  country  of  Lower  Assam, 
and  suddenly  meet  a  precipitous  ascent  several  thousand  feet  in 
height,  and  comparatively  cold,  in  consequence  of  the  great  eleva- 
tion.    The  result  is  a  sudden  condensation  of  the  yapour,  giving  au 
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enormoas  rainfall,  but  by  the  time  the  clouds  have  reached  Shillong 
they  have  parted  with  much  of  their  moisture. 

The  other  case  is  that  of  the  Guggur  river,  which  has  its  origin  in 
the  Himalaya  mountains.  In  the  rains  it  is  a  broad  but  somewhat 
shallow  river  about  half  a  mile  in  breadth,  with  a  current  so  swift 
that  it  can  scarcely  be  stemmed  by  an  elephant  in  floods ;  yet  this 
river  decreases  as  it  recedes  from  the  mountains,  and  at  last  loses 
itself  in  the  desert,  and  never  reaches  the  sea. 

In  my  first  lecture  I  stated  that  in  some  cases  it  might  be  possible 
to  supplement  a  bridge  by  an  arrangement  in  which  the  surplus 
water  of  an  excessive  flood  might  pass  without  injury  over  a  low 
causeway,  or  portion  of  the  line  specially  protected. 

Such  an  arrangement  is  roughly  indicated  in  diagrams  A  and  B, 
Plate  XXXIX.,  where  the  surface  is  protected  with  loose  stones,  and 
the  water  allowed  to  pass  under  the  rails  and  between  sj^ecially 
designed  cast-iron  sleepers  ;  the  railway  at  that  part  being  a  surface 
line. 

The  rivers  of  India  present  very  difficult  engineering  problems. 
Their  vast  size,  their  formidable  power  of  erosion,  their  silt-bearing 
capacity,  and  their  habit  of  wandering,  render  them  very  difficult 
of  management.  Frequently  they  occupy  the  highest  ground, 
as  indicated  in  diagram  at  C,  Plate  XXXIX.,  for  in  flood-time, 
when  they  spill  beyond  their  natural  banks,  as  soon  as  com- 
paratively still  water  is  reached,  being  super-saturated  with  silt,  a 
deposit  takes  place,  and  the  further  the  spill  travels  from  the  main 
channel  the  less  silt  there  is  to  deposit.  In  such  cai»es  the  bed  of 
the  river  is  much  wider  than  is  necessary  for  the  actual  amount  of 
water,  and  the  deep  channels  wander  from  side  to  side  of  the  bed  in 
undulations,  each  iradulation  moving  successively  forward,  as  indi- 
cated by  the  lines  1,  2,  3  in  diagram  D,  Plate  XXXIX.  In  time  the 
bed  of  the  river  gradually  rises  by  constant  deposit,  and  at  length 
some  of  these  undulations  bui-st  through  the  natural  bank  and  may 
wander  miles  away.  The  Indus  river  is  a  case  in  point ;  the  small 
sketch  map  at  E,  Plate  XXXIX.,  represents  the  river  with  some  of  its 
old  beds.  Jacobabad  is  about  40  feet  below  the  level  of  the  Indus  at 
the  spill,  and  a  few  years  ago  was  in  some  danger  of  being  washed 
nway.  Formerly  the  river  must  have  had  its  mouth  in  the  Run  of 
Outch,  about  100  miles  away  from  its  present  mouth.  At  another  time 
i*;  flowed  round  by  the  Muncher  Lake,  and  it  is  quite  within  the 
bounds  of  possibility  that  it  may,  at  some  future  time,  abandon  the 
Stikkar  chan^iel^over  which  an   expensive  bridge  has  been  con- 
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atnicted — and  resume  its  old  course  by  the  Muncher  lake.  These 
difficulties  are  enhanced  by  the  fact  that  many  of  the  valleys  in  the 
Himalaya  Mountains  are  liable  to  enormous  slips,  which  form  tem- 
porary lakes  of  enormous  magnitude,  and  when  these  burst  they 
give  rise  to  terrible  floods.  Many  years  ago  one  of  these  caused  a 
flood  of  90  feet  above  the  ordinary  level,  at  the  point  where  we 
have  bridged  it  at  Attok.  There  is,  therefore,  danger  in  giving  too 
fittle  waterway  in  such  cases. 

As  an  illustration  of  the  character  of  some  of  these  rivers, 
I  may  mention  that  the  engineer  in  charge  of  a -large  bridge 
over  the  Sutlej  river  reported  the  existence  of  huge  floating  sand- 
banks in  the  river,  which  moved  several  hundred  feet  in  the  course 
of  24  hours,  and  he  proceeded  to  account  for  their  existence  on  the 
supposition  that  a  mass  of  jungle  and  bamboos  had  accumulated  in 
the  river  and  become  covered  with  sand.  A  study  of  the  sketch,^ 
dhown  at  F,  Plate  XXXIX.,  sent  up  by  the  engineer,  convinced 
me,  however,  that  they  were  not  floating,  but  were  simple  sand- 
hanks,  the  noses  of  which  were  constantly  cut  away  by  the  current^ 
which,  being  already  saturated  with  silt,  immediately  deposited  a 
corresponding  quantity  of  silt  in  the  still  water  in  the  rear  of 
the  sandbanks,  and  I  suggested  that  the  engineer  should  put  a  flag 
on  the  sandbank  and  take  observations  to  it  from  time  to  time  with 
a  theodolite,  to  ascertain  whether  the  movement  was  real  or  only 
apparent,  with  the  result  I  anticipated.  The  silt-bearing  a^nd 
erosive  character  of  these  rivers  is  enormous.  I  have  known 
instances  of  a  sandbank  having  been  formed  where,  24  hoiu^  pre^ 
viously,  there  had  been  a  channel  20  or  30  feet  deep. 

One  river  near  Peshawar  lies  so  high  above  the  adjoining  country 
that  I  found  it  necessary  to  run  up  to  it  with  a  gradient  of  1  in  100 
for  about  a  mile.  The  river  was  then  crossed  by  four  spans  of  about 
40  feet  each,  and  then  the  line  descended  at  once  with  a  gradient  of 
1  in  100  for  about  a  mile. 

The  KfLsi  river,  which  takes  its  rise  in  the  Himalayas,  has  a 
straggling  bed  of  about  seven  miles  in  width. 

In  districts  near  the  foot  of  the  hills  there  is  generally  a  sub* 
stratum  of  boulders  at  no  great  depth  below  the  bed  of  the  river, 
bat  as  the  distance  from  the  mountains  increases,  the  soil  is  alluvial* 
to  an  immense  depth. 

.  At  the  junction  of  the  Brahamputra  with  the  Ganges,  the 
6oalundo  station,  the  tierminiis  of  the  Eastern  Bengal  Railway,  wa» 
^eatened  by  destruction  from  the  erosion  of  the  river  bank.    A/ 
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large  stone  groyne  was  thrown  out  to  protect  the  station.  The 
work  was  one  of  such  magnitude  that  a  committee,  of  which  I  was  a 
member,  was  appointed  to  consider  whether  further  expenditure  on 
such  a  work  was  desirable.  I  was  strongly  opposed  to  the  con- 
tinuation of  the  work  on  the  ground  that  the  expense  of  any  work 
sufficient  to  counteract  the  combined  effects  of  two  such  mighty 
rivers  must  be  practically  prohibitive ;  but  the  other  members  of 
the  committee  were  opposed  to  this  view,  and  I  could  only  record 
iny  dissent  The  groyne,  a  huge  mass  of  loose  stone,  brought  down 
in  barges  from  a  considerable  distance,  stood  well,  but  the  river 
rapidly  eroded  its  banks  in  flood,  sometimes  cutting  away  several 
hundred  feet  in  the  course  of  a  few  days  in  the  manner  indicated  by 
the  dotted  lines  at  G,  Plate  XXXIX.,  until  it  cut  a  channel  behind 
the  spur,  which  then  liastened  the  destruction  of  the  station  by 
intensifying  the  current  between  itself  and  the  shore. 

The  original  position  of  the  groyne  or  spur  is  roughly  indicated 
at  H,  Plate  XXXIX.,  but  on  my  last  visit  to  the  spot  the  two  rivers 
were  cutting  towards  each  other,  as  indicated  at  J,  and  a  curious 
problem  as  to  the  future  direction  of  the  river  presented  itself. 
If  the  erosion  should  continue,  and,  at  the  time  of  meeting,  the 
Brahamputra  should  be  in  higher  tlood  than  the  Ganges,  the  river 
would  probably  take  the  course  indicated  at  K.  If,  however,  the 
Ganges  should  be  in  higher  flood,  the  course  would  be  at  L,  and 
the  spur  would  return  to  the  south  bank  of  the  Granges. 

Xn  dealing  with  the  training  of  such  rivers,  it  is  impossible  to  lay 
down  any  hard-and-fast  rule.  The  conditions  must  be  dissimilar  in 
every  individual  case,  and  every  river  must  be  a  study  in  itself.  In 
Bome  cases  it  is  possible  to  put  down  permanent  training  works, 
whilst  in  others  temporary  training  works  must  be  undertaken, 
watching  the  results  and  guiding  future  operations  by  such  results, 
for  often  unexpected  results  occur  from  the  change  in  the  course  of 
a  channel,  far  above  the  sphere  of  operation.  Sometimes  a  mass  of 
brushwood  and  trees  brought  down  by  floods  may  form  the  nucleus 
of  a  sandbank,  which  will  completely  alter  the  conditions  previously 
existing.  In  some  rivers  where  the  cold  weather  channels  meander 
^bout  in  a  wide  river  bed,  each  channel  requires  careful  study, 
especially  in  the  earlier  operations. 

It  often  happens  that  a  railway  embankment  traverses  and  blocks 
a  very  large  area,  over  which  the  flo6d  water  has  moved  with  more  or 
less  current,  and  the  waterway  to  be  given  is,  both  for  economical 
reasons  and  also  for  the  better  regulation  of  the  How,  far  lass  than 
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eiren  the  defined  bed  of  the  river.  It,  therefore,  becomes  necessary 
to  concentrate  the  channels,  as  far  as  practicable,  into  comparatively 
narrow  compass.  It  is  always  advantageous  to  enlist  the  river  itself 
into  the  work  of  training  by  checking  the  current  at  desired  points, 
so  as  to  induce  the  deposit  of  silt.  For  this  purpose  various 
devices  have  been  employed.  In  the  earlier  days  of  railways, 
brushwood  groynes  were  almost  exclusively  used,  but  they  are  not 
durable,  and  they  are  costly  in  repairs ;  and  though  still  extremely 
useful  as  preliminary  and  temporary  training  works  to  regulate  the 
general  course — ^to  close  dangerous  channels,  to  prevent  erosion,  and 
to  assist  in  the  formation  of  more  permanent  training  works — they 
have  been,  to  a  great  extent,  superseded  by  permanent  embank- 
ments, protected  from  scour  by  loose  stone  or  by  concrete  blocks.  It 
is,  however,  seldom  nece.ssary  to  renew  the  temporary  works  when 
they  have  accomplished  the  results  for  which  they  were  intended, 
for  when  a  river  has  once  been  properly  contracted  into  definite 
channels,  the  tendency  to  wander  is  much  less  than  when  the  river 
bed  is  shallow  and  the  channels  numerous  and  straggling.  It  is 
dangerous,  however,  to  push  the  policy  of  contraction  too  far, 
especially  with  those  rivers  which  raise  their  beds,  for  it  may  give 
rise  to  a  dangerous  action  at  a  considerable  distance  up-stream, 
which  may  induce  the  river  to  transgress  its  limits,  breaking  away 
altogether  into  new  channels,  devastating  the  country,  and  breaching 
the  railway  in  the  rear  of  the  bridge.  It  very  often  happens  that 
the  worst  floods  are  not  at  periods  of  greatest  rainfall,  but  at  those 
times  early  in  the  rainy  season  when  a  sudden  flush  comes  down 
before  the  ordinary  cold  weather  channels  have  had  time  to  regulate 
themselves  by  clearing  away  the  accumulation  of  silt  deposited  when 
the  current  has  become  sluggish  in  the  dry  season. 

Plale  XL.  shows  a  continuous  protection  of  loose  stone  on 
a  permanent  training  work  on  the  Kistna.  Temporary  training 
works  may  consist  of  piling,  brushwood  spurs,  hurdles,  fascines, 
sandbags,  grass  matting,  earthen  banks  protected  with  grass  bolsters 
or  matting,  and  such  other  expedients  as  the  locality  may  aflbrd. 
A  very  useful  temporary  contrivance  for  closing  troublesome 
channels  is  the  "silt-weed"  or  "Brownlow"  weed,  as  it  is  termed 
from  its  originator.  General  Brownlow,  of  the  Royal  Engineers.  It 
is  indicated  in  diagram  at  M,  Plate  XXXIX.  The  "silt-weed  "  con- 
sists of  fascines  or  brushwood  fastened  together  by  grass  ropes 
anchored  at  one  end  by  rough  anchors  or  stones  enclosed  in  a  coarse 
network  of  grass,  and  sustained  by  floats  at  the  other  end.     The 
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length  of  ropes  to  which  the  fascines  or  brushwood  are  attached 
should  not  be  greater  than  twice  the  depth  of  the  channel,  otherwise 
it  assumes  a  parabolic  form  and  is  not  efficient.  The  flotation  ii 
generally  effected  by  empty  casks ;  the  buoyancy  of  the  silt-weed 
should  be  so  regulated  that  the  casks  are  nearly  submerged.  Hopes 
are  generally  made,  about  8  inches  in  circumference,  of  coarse  grao, 
anchored  by  grass-rope  nets  filled  with  stones  weighing  about  12  or 
14cwt.  The  number  of  weeds  and  their  distance  apart  must  vary 
according  to  circumstances.  Several  rows  of  these  weeds  in  saecesr 
sion  have  been  found  to  be  very  effective  in  checking  the  current 
and  causing  a  deposit  of  silt,  and  when  a  channel  has  been  closed  by 
their  action,  the  casks  and  such  portions  of  the  weeds  that  can  be 
removed  are  shifted  for  use  in  other  places. 

Where  there  is  a  well-defined  bank  to  a  river,  the  work  of  train- 
ing is  comparatively  simple,  and  an  embankment  may  be  run  out,  as 
shown  in  the  diagram  at  N,  Plate  XXXIX.,  and  may  be  either  con- 
tinuous, with  a  coating  of  loose  stone,  as  indicated  at  O  and  P, 
Plaie  XXXIX.,  but  as  this  sometimes  involves  the  wasteful  expendi- 
ture of  stone  where  the  scour  is  concentrated,  the  protection  is 
frequently  intermittent,  as  indicated  at  Q,  by  throwing  out  spurs 
from  the  embankment  and  protecting  their  ends  by  loose  stone,  as 
shown  at  R,  or  preferably  at  S,  which  weakens  the  scour  and  forms 
a  sloping  foreshore  between  the  two  spurs,  whilst  an  abrupt  ending 
intensifies  the  scour. 

The  earthwork  in  such  spurs  is  not  infrequently  affected  by  cross 
currents  at  the  outset,  but  these  may  be  counteracted  by  siltr 
weeds  or  temporary  matting.  When,  as  frequently  happens,  there 
is  no  defined  bank,  or  when  the  distance  to  the  bank  is  so  great  as 
to  render  this  mode  of  protection  impracticable,  a  different  arrange- 
ment is  necessary.  Sometimes  the  railway  embankment  crosses  a 
large  flood  area,  in  which  the  probable  action  of  the  water  may  be 
indicated  by  the  arrows  in  Diagram  T,  Plate  XXXIX.,  the  current 
sweeping  round,  and  tending  to  breach  the  embankment  in  the  rear 
of  the  bridge.  Such  a  tendency  may  be  checked  by  running  out  an 
embankment,  as  indicated  in  Diagram  U)  Plate  XXXIX.,  to  induce 
dead  water  in  the  enclosure,  tending  to  silt  it  up.  In  cases  of 
greater  magnitude,  where  the  area  to  be  reclaimed  is  very  great,  the 
space  should  be  divided  up  by  earthen  embankments,  as  indicated 
at  V,  first  taking  care  to  silt  up  all  back  channels.  The  reclaimed 
space  should  be  planted  with  trees  or  willows,  or  shrubs  that 
produce  undergrowth. 
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The  River  Chenab,  where  the  railway  crossed  it,  was  3|  miles  iii 
breadth,  its  banks  undefined,  its  bed  of  fine  sand  wandering  through, 
the  plains,  the  banks  falling  wherever  the  current  impinged  ob  them, 
and  vilh^es  constantly  disappearing.  The  whole  of  its  vast  bed 
was  intersected  with  numerous  channels,  and  a  large  back  channe 
crossed  the  railway  3  miles  away  from  the  main  channel 

It  was  necessary  to  commence  the  training  works  3^  miles  above 
the  bridge,  and  about  4  square  miles  were  reclaimed  and  planted. 
The  bridge  consisted  of  64  spans  of  129  feet  each  in  the  clear ;  this 
was  far  more  than  necessary  to  pass  the  water  in  flood  times,  but 
the  training  works  were  so  gigantic  that  a  greater  contraction  would 
have  involved  delay  in  commencing  the  bridge,  and  it  was  not 
deemed  advisable  to  contract  it  further  at  that  time.  The  effects  of 
the  training  works  subsequently  enabled  me  to  close  a  troublesome 
chaimel  near  the  north  bank,  and  to  remove  six  spans  !or  use  in  ex- 
tensions urgently  required  during  the  Afghan  War,  but  further 
training  works  did  not  admit  of  more  contraction  until  several  years 
afterwards. 

In  very  large  bridges  it  is  desirable  to  keep  the  deep  channels  well 
away  from  the  abutment^  and  with  this  view  the  first  span  has  some- 
times a  continuous  flooring  of  loose  stone  protection,  about  low- water 
level,  as  shown  at  W,  PlcUe  XXXIX.,  so  that  but  little  water  will 
puss  under  the  first  span  except  when  the  river  is  in  flood. 

Sometimes  comparatively  shallow  foundations  may  be  adopted, 
and  the  protective  flooring  of  loose  stone  may  be  carried  completely 
across  under  the  bridge,  the  flooring  being  lower  at  the  centre  than 
at  the  sides,  as  shown  at  X,  Plate  XXXIX.,  and  a  line  of  blocks  or 
a  drop  wall  may  be  run  across  the  river  to  keep  in  the  stone  flooring. 
Some  forms  of  brushwood  grovnes  are  shown  at  Y  and  Z,  Plate 
XXXIX. 


LECTURE    VI. 


Bridges. 


Great  care  must  be  exercised  in  the  selection  of  stone  for  bridge 
building.  In  one  of  my  inspections  I  examined  a  specimen  of  stone 
iroDft  which  a  very  large  bridge  with  piers  40  feet  in  height  was  to 
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be  coustnicted  ;  the  stone  was  good-looking,  reddish  in  appearance, 
and  basaltic  in  formation.  It  was  easily  dressed,  and  to  all  appear- 
ance suitable  to  the  work.  A  large  quantity  had  been  drawn  from 
the  bed  of  the  river  ready  for  the  commencement  of  the  bridge,  but 
in  the  specimen  I  observed  a  very  minute  crack,  scarcely  perceptible, 
but  it  was  sufficient  to  induce  me  to  forbid  the  use  of  stone  from 
that  quarry  until  further  experience  had  been  gained  respecting  it. 
After  a  few  weeks  the  crack  became  more  apparent,  and  several 
months  afterwards  the  whole  of  the  stone  that  had  been  drawn  for 
the  site  of  the  bridge  developed  similar  cracks,  and  eventually 
broke  up  into  small  pieces.  If  the  bridge  had  been  built  of  such 
stone,  it  would  have  inevitably  had  to  be  re-built.  When  large 
masses  of  masonry  are  required,  it  is  dangerous  to  use  a  lime  that  is 
not  hydraulic.  I  have  known  instances  of  failure  in  masonry,  the 
mortar  of  which  when  taken  from  the  centre  of  the  mass  was 
almost  as  soft  as  when  first  laid,  whilst  mortar  near  the  face  of  the 
work  had  set  remarkably  well.  In  India,  the  lime  is  frequently 
ground  up  with  burnt  brick,  and  the  more  intimate  the  grinding, 
the  better  the  mortar. 

In  the  hot  weather,  if  a  mortar  be  allowed  to  diy  too  rapidly,  the 
set  is  lost,  and  it  is  generally  the  practice  in  the  dry  season  to  keep 
the  top  course  flooded  with  water,  leaving  a  little  wall  of  mortar  all 
round  the  edge  of  the  masonry  to  keep  the  water  in.  With  arches, 
it  is  necessary  to  keep  the  masonry  well  covered  with  wetted  grass 
and  matting,  to  prevent  too  rapid  evaporation. 

In  piers  and  bridges  where  the  height  has  been  great,  I  have 
adopted  diagonal  joints,  alternating  with  square  joints,  as  indicated 
in  Diagrams  1,  2,  3,  and  4,  Plate  XLL,  in  order  to  make  a  com- 
plete bond;  the  courses,  as  shown  in  Figs.  1,  2,  3,  and  4,  being 
repeated  alternately. 

Masonry  should  be  of  the  same  character  throughout.  It  is  a 
great  mistake  to  have  a  face-work  of  large  stones  filled  in  with 
smaller  or  inferior  masonry,  for  the  unequal  settlement  is  apt  to 
produce  cracks.  Largo  stone  quoins  in  arches,  or  at  the  angles  of 
piers  or  abutments,  are  objectionable  for  the  same  reason. 

The  native  masons,  if  not  sharply  looked  after,  are  very  fond  of 
what  is  termed  "bread  seal-masonry"  (indicated  in  Diagram  A, 
Plate  XLI.).  The  face  is  formed  of  large  wedge-shaped  stones,  the  outer 
edges  of  which  are  easily  dressed  off  to  give  the  appearance  of  a 
good  joint  on  the  face,  whilst  the  back  is  filled  up  anyhow.  It  is 
scarcely  necessary  to  say  that  such  a  mode  of  construction  must 
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be  at  once  condemned.  Good  bedding  of  the  stone  is  of  greater 
importance  than  good  veiiical  joints. 

It  is  important  to  secure  a  good  outlet  to  culverts  ;  the  inlet,  as  a 
rule,  gives  but  little  trouble.  If  the  outlet  be  on  rock  or  hard 
ground,  no  special  precautions  are  necessary.  In  moderately  good 
ground  on  the  level,  it  may  be  sufficient  to  lay  in  a  drop  wall,  with 
perhaps  a  little  loose  stone  as  protection,  as  indicated  at  B,  Plate  XLI« 
In  other  cases,  some  sheet  piling  may  be  used  with  advantage,  as  shown 
at  C,  PkUe  XLI.,  supplemented  by  broken  stone  or  brick  rubbish,  of 
which  there  is  generally  a  residue  from  the  construction  of  a. culvert. 
But  when  the  ground  falls  away  rapidly,  it  may  be  necessary  to 
have  recourse  to  a  water  cushion,  or  a  series  of  water  cushions,  to 
check  the  velocity  of  the  outfall,  as  shown  at  D.  In  one  case,  in 
which  the  fall  was  considerable,  and  the  volume  not  large,  I  have  con- 
structed a  series  of  steps,  each  sloping  back  to  carry  a  water  cushion, 
as  shown  at  E. 

When  rock  is  to  be  found  for  an  outlet,  it  is  always  desirable  to 
make  the  outlet  on  it ;  in  some  cases  I  have  made  the  whole  culvert 
in  rock,  merely  blasting  out  a  channel  and  arching  it  over,  as 
roughly  indicated  at  F,  Plate  XLI.,  or  covering  it  with  slabs,  as 
shown  at  Gi  or  else  building  a  concrete  arch  over  it,  as  at  H. 

In  sidelong  ground  it  is  well  to  avoid,  if  possible,  the  placing  of 
the  culverts  in  the  bottom  of  the  ra^ane  for  two  reasons — first, 
because  the  length  of  the  culvert,  if  in  the  bottom  of  the  ravine* 
must  be  made  longer ;  and  secondly,  the  rush  of  the  water  must  be 
greater.  Throughout  the  Ceylon  incline  I  adopted  the  method  of 
placing  the  inlet  of  the  culvert  as  high  as  possible,  and  then  run> 
ning  it  on  the  contour  of  the  ground  at  an  inclination  of  1  in  50 
or  60.  Out  of  97  culverts,  on  an  incline  of  12  miles  in  length,  I 
was  able  to  treat  all  but  three  in  this  manner,  and  no  difficulty  has 
been  experienced  in  any  of  them.  Diagrams  J  and  K,  Plate  XLI., 
indicate  roughly  the  system  adopted,  the  culvert  being  in  the  solid 
at  one  side  of  the  ravine.  A  careful  study  of  both  sides  of  the 
ravine  was  necessary  in  the  case  of  each  culvert,  to  ensure  the  best 
ground,  but  more  especially  the  best  outlet,  which  was  always,  if 
practicable,  brought  to  a  spill  over  rock.  Sometimes  the  culvert  was 
curved  to  fit  the  contour  of  the  ground;  sometimes  I  have  made 
the  inlet  some  distance  above  the  bottom^  of  the  ravine,  in  order  to 
shorten  the  culvert  or  to  obtain  suitable  ground,  and  have  either  filled 
in  the  space  below  the  inlet  or  allowed  it  to  fill  itself  in.  In  some  cases 
in  India,  where  water  has  been  scarce,  I  have  impounded  the  water,  as 
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shown  in  Figs.  L  and  M,  Plate  XLL,  leaving  a  by-wash  or  amall 
culvert  below  formation  level ;  but  great  caution  is  required  in 
impounding  water  in  this  manner,  for  if  the  material  of  which  the 
embankment  is  formed  be  not  very  impervious,  the  embankment 
may  be  carried  away.  In  one  instance  I  was  rather  anxious  about 
an  embankment  behind  which  I  had  impounded  water  to  a  depth  of 
nearly  40  feet.  There  was  a  considerable  weep  on  the  toe  of  the 
outer  slope,  but  I  had  a  quantity  of  clayey  marl  thrown  into 
the  water  behind  the  embankment,  and  kept  the  water  in  a  continual 
state  of  agitation,  so  as  to  stir  up  the  clayey  particles,  which,  being 
drawn  by  the  water  into  the  embankment,  soon  puddled  it,  and 
the  weeping  ceased.  In  some  ravines,  wliere  the  amount  of  water 
could  not  be  great,  and  the  embankment,  being  formed  of  rock, 
could  not  suffer,  I  simply  put  in  a  by- wash  at  a  certain  level  as  a  pre- 
cautionary measure;  but,  as  I  anticipated,  the  water  was  generally 
absorbed,  and  never  rose  to  the  by-wash.  In  fact,  a  ravine  of  this 
kind,  when  the  embankment  is  formed  from  rock  cuttings,  has  its 
bottom  completely  filled  with  huge  pieces  of  rock/ which,  when  tipped 
in  the  embankment,  have  rolled  down  to  the  very  bottom  of  the 
ravine,  making  in  themselves  a  perfect  drain,  which  will  pass  a  largo 
quantity  of  water.  Plate  XLII.,  taken  from  a  photograph  of  the 
Deckande  culvert,  on  the  Ceylon  incline,  is  the  largest  specimen 
of  the  type  of  culvert  on  the  contour.  It  is  20  feet  in  diameter. 
The  embankment  is  about  80  feet  high  at  the  centre  line,  and 
150  feet  at  the  lower  toe  of  the  slope,  which  is  about  100  feet 
below  the  apron  of  the  culvert.  In  the  execution  of  this  culvert 
I  decided  to  cut  an  outlet  channel,  so  as  to  discharge  the  water  into  a 
small  ravine  adjoining  the  main  ravine  ;  the  outlet  is  on  solid  rock. 
To  have  taken  this  culvert  down  the  bed  of  the  ravine  would  have 
involved  a  very  heavy  expense,  and  the  rush  of  a  large  body  of 
water  through  it  would  have  been  very  destructive  to  masonry. 

In  some  alluvial  districts,  where  the  foundation  is  light  micaceous 
sand,  liable  to  scour,  but  firm,  and  there  is  no  necessity  for  spreading 
the  weight  of  the  bridge  by  an  invert,  as  shown  in  diagrams  N  and 
P,  Plate  XLL,  a  protection  of  loose  stone,  as  shown  by  diagrams 
Q  and  R,  Plate  XLL,  is  preferable  ;  for  if  the  water  gets  under  the 
invert  and  allows  scour,  the  invert  falls  in  and  is  useless,  whereas 
the  loose  stones  accommodate  themselves  to  the  scour  and  prevent 
further  erosion. 

For  moderate  spans,  arches  are  generally  more  satisfactory  than 
girders,  inasmuch  as  when  once  completed,  they  give  no  further 
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trouble ;  whereas  iron  and  steel  girders  require  painting  and  general 
maintenance,  and  it  is  impossible  to  say  how  far  the  structure  of  the 
metal  may  alter  with  change  of  stresses  and'  constant  vibration, 
combined  with  corrosion. 

Concrete  in  arches  has  been  used  more  by  Continental  than  by 
English  engineers.  Some  very  large  arches,  about  60-foot  span,  on 
the  skew  at  angles  varying  from  18"  to  30°,  have  been  built  in  con- 
crete, and  one  arch  of  105  feet  clear  span,  with  a  rise  of  13  feet 
&- inches,  with  a  thickness  of  arch  20  inches  at  the'crown  and  2  feet 
3  inches  at  the  springing.  The  load  on  the  haunches  was  lessened 
by  spandrel  arches,  and  the  arch  divided  into  two  segments  by  flat 
asphalte  joints  at  the  centre  and  at  the  springing,  The  proportions 
of  the  concrete  in  the  arch  were  one  of  cement,  one  of  sand,  and 
three  of  gravel. 

It  is  necessary,  in  designing  a  bridge  over  a  very  large  river,  to 
determine  the  economic  ratio  of  superstructure  piers,  so  that  the 
cost  of  the  total  number  of  spans  erected  complete  should  be  about 
equal  to  that  of  the  total  number  of  piers  complete  with  their 
protection.  The  cost  of  the  pier  does  not  vary  appreciably  with 
any  increase  or  decrease  of  the  span  within  moderate  limits,  and 
may,  therefore,  be  considered  a  constant  quantity.  For  rough 
approximations,  I  have  found  the  following  formula  convenient : — 
C=the  cost  of  one  span  of  100  feet  erected  complete  (the  100  span 
being  of  a  convenient  type,  its  cost  can  generally  be  easily  ascer- 
tained);  P=the  cost  of  one  pier,  including  its  protection;  S  =  the 
approximate  span  in  feet — 

100 


S» 


vt 


This  will  probably  give  a  span  slightly  in  excess  of  the  economic 
ratio,  but  it  is  sufficiently  near  to  assume  a  span  for  more  detailed 
calculation,  in  order  to  determine  the  true  economic  ratio,  and 
considering  that  there  is  more  uncertainty  respecting  the  cost  of  a 
pier  than  the  cost  of  a  girder,  I  have  generally  preferred  to  keep  the 
cost  of  the  superstructure  rather  in  excess  of  the  true  economic  ratio. 
Plate  girders  are  iiow  seldom  made  of  larger  span  than  50  or  60 
feet.  Beyond  this  span  braced  girders  are  generally  more  economi- 
cal When  very  small  girders  are  used,  the  masonry  of  a  bridge  is 
apt  to  be  shaken  by  the  vibration  of  passing  trains,  owing  to  thei 
small  inertia  of  the  girders.     Plate  girders,  as  a  rule,  are  made  of 
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small  depth,  from  ^  to  y^  ^^  ^^6  spa^a.  The  quantity  of  metal  in. 
the  top  and  bottom  boom  of  any  girder  decreases  nearly  in  propor- 
tion to  the  effective  depth  of  the  girder,  whereas  the  bracing  in  a 
girder  alters  in  quantity  but  very  little  with  change  of  depth.  This 
has  led  the  engineers  of  the  United  States  to  extremes  in  the  depth 
of  their  girders,  some  of  which  have  a  depth  of  \  of  the  span,  but 
such  girders,  although  economical  in  theory,  are  very  shaky,  and 
are  liable  to  accident  in  the  event  of  the  derailment  of  the  train  ; 
even  a  cow  being  thrown  by  a  cow-catcher  against  the  slender 
bracing  of  such  a  girder  may  wreck  the  bridge.  There  appears  of 
late  years  to  be  a  tendency  in  the  practice  of  both  countries  to 
approach  each  other  as  regards  the  depth  of  girders.  The  Whipple- 
Murphy  girder  is  perhaps  the  best  kind  of  straight  girder,  admitting 
as  it  does  of  a  good  distribution  of  metal  by  minimizing  the  length 
of  bracing  in  compression,  but  when  the  live  load  is  great  compared 
with  the  dead  load,  several  of  the  bays  must  be  counter-braced. 
Pin  bridges  are  very  much  used  in  the  United  States,  but  the  more 
modem  practice  tends  rather  to  the  English  system  of  rivetted 
joints.  In  addition  to  the  shearing  area  of  the  rivets,  the  compres- 
sion of  the  rivets  in  cooling  grips  a  joint,  causing  it  to  be  much  stronger 
than  a  pin  joint  that  may  have  an  equivalent  shearing  area  of  pin. 
Moreover,  the  parts  in  contact  with  each  other  suffer  less  from 
oxidation  in  rivetted  than  in  pin  joints.  A  pin  structure  is  not  so 
free  from  vibration  as  a  rivetted  structure,  and  even  with  the 
greatest  exactitude  of  workmanship  it  is  difficult  to  make  all  the  pin 
joints  take  their  fair  share  of  the  work.  Pin  joints  in  India  have 
proved  to  be  anything  but  a  success.  In  many  of  such  bridges  I 
have  examined,  the  links  of  the  bottom  boom  have  not  taken  their 
fair  share  of  the  strain,  as  is  evident  from  the  fact  that  some  are  not 
even  strained  to  a  straight  line.  The  pin  system  is  supposed  to  save 
weight  and  to  facilitate  erection,  but  these  advantages  are  over- 
rated. 

Rivetting  by  hydraulic  machinery,  though  doubtless  a  more 
perfect  process  than  hand  rivetting,  and  though  valuable  in  the 
construction  of  girder  work,  can  scarcely  be  used  with  economy  in 
erection^  where  a  few  rivets  have  to  be  closed  at  one  joint,  and  the 
machine  then  moved  on  to  another.  Machine  rivetting  is,  however, 
valuable  where  steel  rivets  are  used,  for  some  steel,  if  subjected  to 
concussion  at  a  blue  heat,  is  apt  to  deteriorate.  Some  years  ago  I 
had  some  experiments  made  on  steel  which  bent  double  when  cold, 
or  at  red  or  white  heat,  but  when  worked  at  blue  heat  under  a 
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hammer  it  went  to  pieces.     As  a  rule,  I  have  preferred  to  specify,  for 
girder  work,  iron  rivets  of  good  quality  rather  than  steel. 

Whatever  may  be  the  design  of  a  girder  bridge,  it  may  sometimes 
happen  that  its  erection  is  almost  as  costly  as  its  first  manufacture, 
and  requires,  perhaps,  as  much  technical  knowledge  and  experience. 
There  are  many  modes  of  erection,  such  as — 

Erecting  in  position  on  staging. 

Hoisting,  or  raising  whole. 

Kolling  out. 

Floating  out. 

Erecting  by  building  out. 

The  design  of  a  staging  varies  according  to  the  materials  available 
for  its  construction,  and  the  character  and  depth  of  the  space  to  be 
bridged.  Sleeper  stacks,  earth  banks,  timber  staging,  or  piling, 
timber  trestles,  screw  piles,  and  specially  designed  iron  staging  have 
all  been  used  for  the  erection  of  girders.  Sleeper  stacks  are  nearly 
always  available,  and  save  expense ;  they  can  be  easily  taken  up 
and  put  down,  and  are  useful  where  the  height  is  not  great. 
Earthen  banks  are  of  limited  application,  and  can  be  only  employed 
wheu  the  height  is  small.  The  timber  used  in  staging  is  sometimes 
subsequently  cut  up  for  the  flooring  of  bridges.  Trestles  may  be 
either  vertical  or  sloped,  as  those  whicli  I  have  already  indicated  in 
Figs.  1,  2,  and  3,  Plate  XXXII. ,  used  for  the  sinking  of  hydraulic 
piles.  Light  screw  piles  may  be  often  usefully  employed,  and  after- 
wards unscrewed  to  be  used  elsewhere. 

Plaie  XLIII.  shows  two  different  kinds  of  iron  staging,  which 
I  designed  for  rapidly  pushing  on  the  railway  communications 
between  Pindi  and  Jhelum  for  war  purposes.  They  were  of  two 
kinds,  one  being  composed  of  light  wrought-iron  columns  in  9  feet 
lengths,  easily  handled,  all  bolt  holes  being  drilled  to  template,  so  as 
to  be  interchangeable.  The  other  kind,  formed  of  light  braced  angle- 
iron  pillars,  also  interchangeable,  and  capable  of  being  made  up  into 
bays  of  four,  six,  or  more,  according  to  circumstances.  These  bays 
supported  light  girders  on  which  the  platform  rested.  Sometimes 
the  connecting  girders  were  spans  of  20  or  30  feet,  eventually  to  be 
used  permanently  for  small  bridges  on  the  same  railway.  These 
bays  are  easily  put  together  and  taken  down,  but  they  are  stronger 
and  heavier  than  are  actually  necessary  in  the  majority  of  casee^ 
being  designed  by  me  so  as  to  be  able,  in  case  of  emergency,  to 
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support  the  girders  for  traflSc  in  case  the  progress  of  the  masonry 
should  have  been  insufficient  to  complete  the  piers  in  time ;  but  they 
have  been  extremely  useful,  having  been  employed  subsequently  in 
different  parts  of  India.  Iron  staging  of  a  lighter  character  is  shown 
in  FkUe  XLIY.,  taken  from  a  photograph  of  the  bridge  over  the 
Narbudda  river,  the  bays  being  made  up  of  small  iron  piping, 
bolted  together  and  properly  braced.  The  plan  of  erection  on 
staging  is,  as  a  rule,  the  most  simple  and  safe ;  and  where  the 
bridge  is  not  high  and  the  water  shallow  it  gives  rise  to  very  little 
complication.  When  there  is  a  difficulty  in  the  erection  of  staging 
in  the  middle  of  a  river,  or  danger  of  the  staging  being  washed 
away,  a  fan-shaped  erection  may  be  adopted  with  advantage. 

The  Sohan  bridge,  shown  in  Plate  XLV.,  is  a  case  in  point. 
This  bridge  was  urgently  required  to  complete  communications 
during  the  Afghan  War,  being  the  key  to  opening  the  line,  and  it 
had  to  be  erected  during  the  rains,  when  sudden  and  violent  floods 
might  at  any  time  be  expected  to  wash  away  the  staging.  So  great, 
however,  was  the  necessity  for  completing  communication  that  it 
was  determined  to  risk  the  girder.  My  son,  who  was  in  charge  of 
the  work,  designed  and  constructed  the  staging,  and  then  erected 
the  girder  with  such  despatch  that  it  was  perfectly  safe  from  danger 
in  28  working  hours  after  the  first  portion  of  the  girder  had  been 
risked  on  the  staging.  The  iron  staging  I  have  already  described 
may  be  seen  on  the  left-hand  side,  combined  with  a  sleeper  stack. 
The  Attok  bridge,  supported  on  steel  piers,  shown  in  Plate  XL  VI., 
was  subsequently  erected  over  the  Indus  on  a  similar  principle,  and 
is  probably  one  of  the  finest  examples  of  this  method  of  erection. 
An  elaborate  system  of  trestle  work  sprung  from  the  feet  of  the 
piers,  and  was  braced  to  them  in  fan  shape,  enabling  the  spans  of 
300  feet,  weighing  each  about  tJOO  tons,  to  be  erected  in  position. 
Plate  XL VII.  shows  the  central  portion  of  the  staging  being  hoisted, 
Plate  XL VIII.  shows  the  span  completed,  and  Plate  XLIX.  the  whole 
bridge  completed. 

Plate  L.  shows  the  erection  of  bow-string  girders  of  the  bridge 
over  the  Bukkar  Channel  of  the  Indus,  the  vertical  members  being 
placed  in  position.  Plate  LI.  shows  the  girder  completed ;  the 
staging  is  composite,  consisting  partly  of  both  kinds  of  my  iron 
staging  and  partly  of  timber  fan  staging.  Plate  LIL  shows  the 
adjoining  span  completed ;  the  water  being  shallow,  the  girdecs  were 
erected  entirely  on  my  cylindrical  iron  staging.  P/o^  LIII.  gives 
a  view  pf  the  brfdgp  oyer  t^e  Chjippar  Rift  on  the  Kandahar  Sail* 
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iraj,  the  main  span  being  150  feet  and  the  smaller  spans  each  40 
feet.  The  erection  was  effected  by  fastening  together  some  spare 
girders  which  were  to  be  used  further  along  the  line^  and  these, 
inverted  and  rolled  across  the  gap,  supported  the  staging  on  which 
the  girders  were  erected.     Plate'  LJV.  shows  the  bridge  completed. 

In  the  majority  of  cases  it  is  not  desirable  to  hoist  the  bndge 
materials  from  below,  but  more  economical  to  run  them  on  from  one 
end,  the  exception  being  when  the  material  is  delivered  by  water. 

The  method  of  hoisting  or  raising  the  whole  span  complete  has 
been  carried  out  successfully  in  many  places.  The  first  instance  of 
any  magnitude  was  that  of  the  Britannia  Bridge  over  the  Menai 
Straits,  which  was  floated  into  position  and  raised  by  hydraulic 
presses,  grooves  being  left  in  the  masonry  to  allow  it  to  be  hoisted. 
In  lifting,  it  is  always  necessary  to  follow  up  with  packing,  so  that 
in  the  event  of  any  failure  in  lifting  gear  the  girders  may  be  safe. 
In  some  cases  the  girders  have  been  erected  con^plete,  and  raised  by 
hydraulic  ship- jacks  as  the  masonry  progressed,  but  this  is  apt  to 
interfere  with  the  progress  of  the  masonry.  In  tidal  rivers,  where 
the  rise  is  great,  the  tide  may  form  a  simple  and  manageable  mode 
of  lifting  girders. 

Adjusting  screws,  shown  in  Fig.  1,  Plate  LV.,  will  be  found 
convenient  for  adjusting  the  camber  of  girders  when  laying  the 
lower  boom.  Figs,  2  and  3,  Plate  LV.,  show  a  very  simple  form  of 
crane  for  erection  when  the  weights  of  the  pieces  to  be  lifted  do  not 
exceed  a  ton  or  a  ton  and  a-half ;  it  is  formed  out  of  old  rails.  For 
rivers  in  which  the  bed  is  nearly  dry  in  the  hot  season,  as  was  the 
case  in  the  Chenab  Eiver,  the  girders  may  be  erected  in  the  bed  of 
the  river  and  hoisted  bodily  by  two  Wellington  cranes  into  position, 
as  indicated  at  Fig,  4,  Plate  LV.  Sometimes  a  wire  rope  has  been 
used  to  support  a  60-foot  span  girder  over  a  deep  ravine,  the  girder 
being  slung  to  a  block  running  over  the  rope,  as  indicated  in  Fig.  5, 
Plate  LV.  Small  spans,  up  to  about  20  feet,  may  be  slid  or  rolled  across 
on  rails  laid  across  the  span.  In  larger  girders,  where  the  river  bed 
is  dry,  the  bridge  may  be  rolled  out  on  staging  by  means  of  a 
Wellington  crane,  as  shown  in  Fig,  7,  Plate  LV. ;  where  the  water 
is  deep  they  may  be  floated  out,  as  indicated  in  Fig.  6,  Plate  LV. 
In  such  cases  the  boat  must  be  secured  from  lateral  rolling 
movement  under  the  girder,  otherwise  it  may  capsize.  If  tbe 
staging  be  very  high,  it  is  better  to  employ  a  pair  of  boats.  Irl 
the  case  of  the  Ravi  bridge,  on  the  Punjab  Northern  State  Railway, 
two  pairs  6f  native  bargies  w6re  arranged- with  staginjg^  16^  feet  high; 
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the  remaining  height  being  made  up  of  sleeper  stacks,  so  as  to  allow 
for  changes  in  the  level  of  the  river.  The  girders  were  erected  on 
the  shore,  and  traversed  about  400  feet  on  to  a  staging  of  timber 
piles  carried  out  to  a  sufficient  distance  to  obtain  depth  to  float  the 
barges.  The  girders  were  first  traversed  by  a  Wellington  crane 
until  one  end  rested  on  the  staging  of  one  pair  of  barges,  the  crane 
was  then  run  back  to  lift  the  other  end  of  the  span  and  carry  it 
slowly  forward  so  as  to  rest  on  the  staging  of  the  second  pair  of 
barges,  which  were  floated  underneath  the  girder  as  the  first  pair  of 
barges  moved  off",  carrying  the  end  of  the  girders.  The  two  pair 
of  barges,  with  the  span  resting  on  them,  were  then  floated  into 
position,  and  the  girders  lowered  on  to  the  piers  by  means  of 
screw-jacks  and  wedges.  The  girders  were  traversed  about  400  feet, 
then  transfeiTed  to  the  barges,  floated  out,  and  lowered  on  to 
the  piers,  as  described  above,  at  the  rate  of  three  or  four  spans 
per  day. 

On  the  Madras  Railway  plate  girders  of  70  feet  span  were  con- 
structed in  continuous  lengths  of  two  spans  each,  so  that  each  girder 
has  three  bearings,  one  at  the  centre  and  one  at  each  end.  These 
double  girders  were  put  together  at  one  end  of  the  bridge  and 
hauled  over  on  to  the  span.  In  some  cases  of  erection  the  staging 
is  earned  out  only  for  a  short  distance  from  each  abutment,  where 
the  water  is  shallow,  and  the  girders  rolled  out  overhanging  until 
they  reach  the  staging  built  out  from  the  opposite  abutment,  one 
end  being  weighted  to  balance  the  overhanging  portion.  In  other 
cases  staging  has  been  altogether  dispensed  with,  the  girders  being 
balanced  by  a  spare  girder  attached  to  them  temporarily  for  the 
purpose  of  erection.  Caution,  however,  is  necessary  in  erection  of 
this  character,  from  the  fact  that  those  portions  of  the  girder  which 
are  intended  only  to  bear  stress  in  tension  may  be  brought  into  com- 
pression  when  the  girders  overhang.  It  may  be  necessary,  therefore, 
to  strengthen  such  portions  by  temporary  supports  of  timber,  or 
otherwise,  to  enable  them  to  resist  such  abnormal  strains. 

When  girders  are  built  out,  they  should  be  specially  constructed 
for  that  purpose.  The  Forth  Bridge,  of  the  "cantilever"  type,  is  the 
finest  example  of  erection  by  building  out;  it  has  been  so  frequently 
described  in  the  public  journals  that  it  is  unnecessary  for  me  to  do 
more  than  allude  to  it.  Plate  LVI,  shows  the  completed  bridge. 
Plate  LVII.  shows  the  commencement  of  the  work  of  building  out, 
and  the  cages  and  appliances  made  to  enable  the  workmen  to 
work  on  the  overhanging  portions.     The  Blaau  Kranz  Viaduct,  in 
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South  Africa,   is  an  instance  of  bold  erection  by  building  out. 
PkUe  LVIII.  shows  the  first  stage  of  building  out,  Plate  LIX.  the 
next  stage,  and  Plate  LX.  the  viaduct  completed.     The  most  notable 
case   of    building  out  arches  is  that   of  the   steel   arch  over  the 
Mississippi,     in    which    great    difficulty    was    experienced   in  the 
meeting  at  the  crown  of  the  arch  from  the  expansion  and  con- 
traction   with    the    varying    temperature,   and    it  was    necessary 
to  have   recourse  to  the  use  of  ice  to  cause  the  arch  ribs  to 
contract  sufficiently.     Plate  LXI.  is  a   sketch  design  I   made  for 
an  arch  of  830  feet  span,  with  a  rise  of  150  feet,  to  be  built  out 
over  the  river  Indus  at  Sukkar ;  the  difficulty  of  meeting  at  the 
cTown  in  this  design  was  met  by  hinging  the  arch  at  the  springing 
as  well  as  the  crown.     It  would  have  been  the  most  economical  form 
of  bridge  for  that  particular  position  had  a  double  line  of  railway 
been  necessary.     It  was  not,  however,  executed,  as  it  was  decided 
that  a  single  line  only  was  necessary  for  crossing  the  Indus,  and 
the  arch,  as  designed  by  me,  needed  two  lines  of  railway  in  order  to 
afford  it  sufficient  lateral  stiffness,  whereas  a  bridge  on  the  cantilever 
principle  could  give  sufficient  lateral  strength  with  a  single  line. 
Plate  LXII.  shows  the  bridge  that  was  finally  adopted  from   the 
designs  of  Sir  Alexander  Kendel.      Plates  LXIII.,  LXIV.,  LXV., 
and  LXVI.  show  the  mode  of  erection.     Plate  LXVII.  shows  the 
span  completed  but  the  central  support  between  the  cantilevers  not 
removed.     Plate  LXVIII.  exhibits  a  very  curious  bridge  I  saw  in 
the  Rocky  Mountains  of  Colorado.     The  whole  of  the  bottom  of 
the  ravine  was  occupied  by  the  river,  rendering  it  impossible  to 
put  in  a  pier.     The  girders  on  one  side   were  supported  by  the 
solid  rock,  whereas  those  on  the  other  side  overhanging  the  river 
were  suspended,  as  shown,  from  iron  supports  abutting  against  the 
sides  of  the  ravine. 

In  the  design  and  erection  of  bridges,  the  probable  effects  of  the 
wind  must  not  be  neglected.  Plate  LXIX.  shows  the  results  of  a 
cyclone  on  a  bridge  in  Mauritius.  In  one  case  some  girders  of  150 
feet  span  on  the  South  Mahratta  Eailway  were  blown  off  their 
expansion  rollers,  which  in  this  case  were  cylindrical,  showing  the 
necessity  either  for  flanges  or  for  support  of  some  kind  to  prevent 
lateral  movement. 

Plates  LXX.  and  LXXI.  show  the  effect  of  wind  on  the  rolling 
stock  of  the  Mauritius  Railway.  Plate  LXXII.  shows  the  effect 
of  the  wind  on  the  carriages  of  an  Indian  railway  of  the  m^tre 
gauge. 
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LECTURE    VII. 


Permanent  Way. 

In  the  selection  of  ballast  there  is  a  variety  of  choice,  the  prin- 
cipal consideration  being  first  cost  and  facility  of  supply.  Wooden 
sleepers  require  more  careful  selection  of  ballast  and  more  perfect 
drainage  than  metal  sleepers.  Care  should  be  taken  to  adopt  a 
ballast  capable  of  easy  drainage  and  not  readily  crushed. 

Gravel  makes  a  very  good  ballast,  but  it  should  be  tolerably  clean, 
and  of  a  character  that  will  not  bind.  River  shingle  mixed  with 
coarse  sand  is  also  very  good  ;  but  rounded  shingle,  if  too  clean, 
is  apt  to  shift  under  the  sleepers,  and  requires  constant  atten- 
tion. I  have  found  it,  in  this  respect,  easily  remedied  by  the 
addition  of  ballast  which  in  itself  would  be  of  an  inferior  charac- 
ter. Coarse  sand  makes  an  excellent  ballast,  especially  for  metal 
sleepers;  but  in  dry  climates  fine  sand  is  apt  to  be  blown  by 
the  wind  of  the  passing  train  into  the  axle-boxes  and  machinery, 
producing  serious  wear.  This  may  to  some  extent  be  remedied  by 
covering  the  surface  of  the  ballast  with  a  layer  of  gravel  or  other 
heavier  ballast,  but  in  course  of  time  the  two  get  gradually  mixed 
in  maintenance. 

In  some  districts,  where  the  soil  is  an  alluvial  sand  slightly 
mixed  with  clay  particles  or  loam,  I  have  known  iron  sleepers  to  be 
laid  without  any  ballast,  and  the  grass  allowed  to  grow  over  the 
surface  keeping  it  from  blowing  about ;  but  if  there  is  much  clay 
mixed  with  the  sand,  the  plan  docs  not  answer.  In  any  case,  it  is 
unsuited  for  timber  sleepers,  which  should  be  kept  as  dry  as  possible, 
to  prevent  decay. 

In  India  there  is  a  material  tenned  '*Moorum,"  which  is 
frequently  obtained  from  cuttings,  and  is  of  a  character  apparently 
like  a  soft  sandstone,  but  which,  after  a  few  months'  exposure, 
disintegrates  into  mud,  and  is  a  most  unsatisfactory  material  for 
ballast. 

Broken  stone  makes  an  excellent  ballast,  but  when  used  for  metal 
sleepers  it  should  be  broken  somewhat  small. 

Machinery  for  breaking  up  stone  is  not,  as  a  rule,  satisfactory. 
It  breaks  a  stone  into  inconvenient  forms  for  ballast,  and  grinds 
too  much  to  powder.      Where  labour  is  cheap,  as  in  India,  stone- 
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breaking  by  machinery  is  more  expensive  than  by  hand.  In 
alluvial  districts,  such  as  the  Delta  of  the  Ganges,  where  stone  is 
not  to  be  obtained,  it  is  necessary  to  have  recourse  to  burnt  clay  or 
brick  ballast,  but  such  ballast  is,  as  a  rule,  unsatisfactory  and 
expensive  in  maintenance,  breaking  up  from  the  effects  of  packing* 
and  from  the  weight  of  trains,  and  forming  a  fine  powder,  which  blows 
into  the  machinery.  If  broken  stone  or  gravel  can  be  obtained, 
even  at  considerably  increased  cost,  it  may  be  advisable  only  tp  put 
in  bottom  ballast  of  brick,  and  as  soon  as  trains  can  be  run  through 
to  a  district  in  which  better  ballast  can  be  brought,  to  top  up  with 
the  more  suitable  material.  Where  brick  earth  is  used  for  ballast^ 
it  should  be  burnt  nearly  to  vitrification  ;  kiln  clinkers  and  the 
refuse  of  brick-making  are  often  of  this  character.  Some  kinds  of 
ballast  contain  salts,  which  cause  rapid  corrosion  in  iron  sleepers. 
I  have  sometimes  found  pieces  of  cast-iron  pot  sleepers  |  inch  in 
thickness  so  corroded  that  I  could  break  it  like  a  biscuit.  Ballast 
containing  such  salts  should  not  be  used  for  metal  sleepers. 

Care  must  be  taken  in  forming  the  embankment  to  receive  the 
ballast  to  slope  it  properly,  so  as  to  throw  the  water  from  the 
centre ;  the  slope  from  the  centre  to  the  sides  is  generally  about 
1  in  30.  The  consumption  of  ballast  in  high  embankments  is  in 
some  cases  enormous,  owing  to  the  insufficient  drainage  of  the 
roadway.  I  recollect  one  case  in  which  a  new  line  on  a  clay 
embankment  became  quite  impassable  during  the  rains ;  the  ballast, 
added  from  time  to  time,  had  sunk  into  the  clay,  forming,  as  indicated 
in  Diagram  1,  Plate  LXXIIL,  a  cavity,  which  was  filled  with  water,  the 
weight  of  the  passing  train  forcing  up  the  liquid  clay  through  the 
ballast.  This  process  was  repeated  to  such  an  extent,  that  the 
ordinary  traffic  had  to  be  stopped,  a  few  trains  of  sand,  worked  out 
carefully,  the  line  lifted  on  to  sand,  and  the  bank  cut  through  every 
30  feet  to  let  out  the  accumulated  water;  until  the  water  was 
drained,  it  was  useless  to  attempt  any  remedy. 

Iq  clay  cuttings,  also,  the  liquid  mud  is  sometimes  churned  up 
between  the  sleepers,  and  the  ballast  sinks. down  as  it  is  packed  under 
the  sleepers  until  troughs,  filled  with  ballast  and  water,  as  shown 
in  Diagrams  2  and  3,  Plate  LXXIII.,  render  it  impossible  to  keep 
the  road  in  good  order.  When  this  nappens,  ihe  only  remedy 
is  to  remove  the  whole  of  the  clay  and  ballast  in  sections,  to  be 
toplaced  with  sand  and  new  ballast,  finst  filling  in  a  layer  of  large 
stODcs  to  form  a  base,  and  the  whole  cutting  should  be  drained 
<iompletely. 
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Plate-laying. 

Time  and  labour  can  be  economized  in  handling  rails  by  use  of 
rail  forks  to  take  the  web  of  the  rail,  combined  with  the  use  of 
swivelling  rollers  mounted  on  light  tripod  stands  about  2  feet 
6  inches  from  the  ground.  The  rollers  may  be  moved  about  to  any 
position  required.  They  should  be  distant  apart  from  each  other 
about  half  the  length  of  rail,  and  when  drilled  in  the  use  of  them,  a 
single  man  is  able  to  move  a  rail  rapidly  about,  passing  it  from 
roller  to  roller,  and,  balancing  it  by  its  middle  on  one  roller,  he  can 
flwivel  it  round  to  the  next  roller  in  whatever  direction  it  may  be, 
so  that  if  rollers  be  laid  down  he  can  suddenly  change  the  direction 
of  the  rail,  if  desired,  at  right  angles  to  its  previous  position.  The 
Diagrams  4  and  5,  Plate  LXXIII.,  show  the  general  character  of 
the  fork,  the  rollers  are  shown  at  6  and  7,  and  the  manner  of  using 
them  in  Diagram  8,  Plate  LXXIII. 

It  generally  happens  that  the  rails  and  sleepers  arrive  before  the 
line  is  ready  for  them,  and  have  to  be  stacked  in  the  store  yard,  and 
when  rails  haA*e  to  be  laid  telescopically,  great  confusion  and  delay 
will  arise  if  proper  systematic  arrangements  be  not  made  for  their 
loading  up.  If  it  can  be  so  arranged,  the  siding  for  loading  should 
be  in  cutting  below  the  general  level  of  the  store  yard,  somewhat  as 
indicated  in  the  diagram  9,  Plate  LXXIII. 

The  loading  of  the  trucks  may  be  rapidly  effected  by  means  of  a 
sloping  platform  of  rails  kept  well  greased,  on  which  the  rails  are 
slid  down  one  after  another  by  a  couple  of  men  with  hook  ropes, 
which  they  attach  to  the  fish-bolt  holes.  For  laying  telescopically, 
the  rails  are  loaded  in  the  train  in  waggons  in  front  of  the  sleepers. 
The  most  convenient  waggons  for  this  purpose  are  low-sided  or 
platform  waggons  ;  bogie  waggons  which  take  the  full  length  of  the 
rails  will  be  the  most  convenient,  but  if  these  are  not  available, 
rails  on  one  waggon  should  be  packed  up  on  bolsters  or  sleeper 
stacks  so  as  to  overlap  those  in  the  next.  Timber  trucks  with 
swivelling  bolsters  may  also  be  used  with  advantage.  About  half 
a  mile  of  permanent-way  is  carried  in  each  train.  For  the  5-foot 
6-inch  gauge,  a  train  of  about  15  waggons  of  10  tons  carrying 
capacity  each,  with  one  brake  van,  are  required,  or  smaller  number 
of  20-ton  bogie  waggons. 

When  the  train  reaches  the  station  or  crossing  place  nearest  to 
the  rail  head,  or  the  part  where  the  operations  are  being  carried  on, 
the  engine  is  placed  at  the  rear  of  the  train,  which  is  cautiously 
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pushed  up  as  close  as  practicable  to  the  rail  head,  and  unloaded 
with  despatch.    Two  light  trollies,  loaded  over-night  with  fish-plates 
and  fastenings  for  the  next  day's  work,  are  kept  close  up  to  the 
linkers  as  they  advance.     Trollies  for  rails  and  sleepers  are  divided 
into  two  sets,  one  set  being  loaded  whilst  the  other  is  following  up 
the  linkers  closely.     The  return  trollies  are  lifted  off  the  line  to 
allow  the  loaded  trollies  to  pass  when  they  meet  them.     Where 
wooden  sleepers  are  employed,  each  rail  as  it  is  laid  is  roughly  laid 
and  secured  by  three  spikes  half-driven  to  allow  the  trollies  to 
follow  closely.    A  few  swivel  rollers  at  the  rail  head,  moved  forward 
from  time  to  time  as  the  work  progresses,  may  be  usefully  employed 
for  handling  the  rails.     It  is  always  necessary  in  telescopic  laying 
to  leave  behind  sufficient  and  constantly  increasing  gangs  of  plate- 
layers to  maintain  the  road  in  good  order.     In  some  cases,  where 
ballast  cannot  bo  readily  obtained,  it  may  be  necessary  at  the  outset 
to  lay  the  permanent-way  directly  on  the  formation  without  ballast. 
If  proper  care  be  not  taken  this  will  result  in  bent  and  hogged  rails, 
which  entail  much  cost  and  trouble  in  straightening  and  permanent 
injury  to   the  road,  which  can  seldom   be  made  to  iTin  well  or 
smoothly  afterwards ;  but  this  is  due,  as  a  rule,  to  want  of  proper 
and  ordinary  precaution,  and  neglect  to  the  maintenance  of  the  way. 
The  formation  in  such  case  ought  to  be  properly  and  carefully  pre- 
pared, so  that  the  sleepers  bear  fairly  upon  it,  and  when  ballast  is  on 
the  embankment  in  some  places  and  not  in  others,  the  change  should 
be  sloped  off  gradually  at  the  ends ;   but,  above  all,  it  is  essential 
that  sufficient  gangs  of  platelayers  should  be  kept  constantly  at 
work  maintaining  the  road  in  proper  order.     If  this  be  done,  the 
bending  of  the  rails  may  be  avoided.     I  have  seen  permanent  way 
with  transverse  steel   sleepers  laid    on  the   formation  absolutely 
without  ballast,  and  construction  trains  run  over  the  rails  without 
the  slightest  injury,  where  the  embankment  was  formed  of  earth. 
If  rocks  or  boulders  are  present  in  the  bank,  it  will  be  necessary 
to  pack  the  sleepers  very  carefully  to  avoid  injury.    In  laying  a  road 
with  wood  sleepers,  the  spikes  may  easily  be  driven  without  boring 
holes  for  them,  but  this  should  never  be  done.     Holes  for  the  spikes 
should  be  bored  quite  through  the  sleepers  with  an  augur  of  about 
half  the  diameter  of  the  dog  spike.     Few  people  have  any  idea  of 
the  mischief  that  is  done  when  a  spike  is  driven  into  a  sleeper 
without  boring  a  hole  for  its  reception.     The  fibres  of  the  wood  are 
crushed,  and  frequently  large  splinters  of  wood  are  forced  out  from 
tho.  bottom  of  the  sleeper. 
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In  one  of  my  inspections,  the  foreman  of  platelayers  complained 
to  me  that  the  spikes  were  bad  and  would  not  hold,  but  that  they 
came  out  when  the  train  passed  over  them.  Guessing  what  was  the 
matter,  I  had  one  of  the  sleepers  taken  out,  and  found,  as  I  had 
expected,  that  a  large  splinter  had  been  driven  out,  as  indicated  in 
Diagram  No.  10,  Plate  LXXIII.,  and  the  point  of  the  spike  rested 
upon  it,  so  that  it  was  forced  up  as  soon  as  the  pressure  of  the  engine 
came  upon  the  sleeper. 

In  laying  rails,  especially  in  tropical  climates,  it  is  most  important  to 
make  proper  allowance  for  expansion.  Without  this  it  would  be  im- 
possible to  keep  the  rails  straight  in  hot  weather,  and  in  cold 
weather  the  fish-bolts  will  shear  and  sometimes  rail  ends  split.  I  have 
seen  joints,  as  shown  in  the  Diagram  No.  11,  Plate  LXXIIL,  in 
which  the  top  table  has  been  forced  up  in  consequence  of  the  con- 
traction due  to  excessive  cold.  In  this  case  special  allowance  had 
not  been  made  in  the  bolt-hole.  A  handy  form  of  expansion  block 
is  shown  in  the  Diagram  12,  Plate  LXXIIL,  one  side  being  thick 
and  the  other  thin,  either  to  be  used  as  required  by  the  variation 
of  the  temperature. 

In  laying  a  line  care  must  be  taken  to  place  the  rails  as  nearly  as 
possible  in  the  permanent  position,  otherwise  the  allowance  for  ex. 
pansion  may  be  lost  in  slewing  the  line  when  straightening  it  up. 
Rails  are  generally  made  in  even  lengths  of  7,  8,  9,  or  10  yards. 
There  is  usually  a  certain  percentage  of  rails  of  shorter  lengths  as 
well  as  a  percentage  of  rails  3  inches  shorter  than  the  standard,  the 
latter  being  useful  in  saving  cutting  when  the  inner  rail  gains  on 
the  outside  rail  on  curves.  To  distinguish  such  rails  from  those  of 
standard  lengths,  their  ends  are  sometimes  painted,  but  the  paint  is 
apt  to  be  lost  in  transport  or  from  the  effects  of  rust,  and  the  more 
durable  plan  for  distinguishing  them  is  to  have  a  third  bolt-hole  to 
such  rails.  If  necessary,  these  rails,  when  not  required  to  bring  the 
joints  even  or  opposite  one  another,  may  be  used  in  pairs. 

Rails  are  sometimes  laid  with  "  breaking  joint,"  i.e.,  the  joint  of 
one  rail  opposite  the  middle  of  the  other.  In  a  line  which  abounds 
with  curves,  the  breaking-joint  will  save  the  trouble  of  cutting  rails 
or  adjusting  the  joints  by  short  rails  to  bring  them  opposite  to  each 
other. 

Commencing  with  the  joint  of  one  side  of  the  track  opposite  the 
mid  rail  at  the  other  side,  the  sleepers  are  so  arranged  as  to  be  at 
nearly  equal  distances  apart  but  drawn  slightly  nearer  together 
where  the  joint  happens  to  come.     If  one  joint  is  found  to  be  gain- 
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ing  too  mnch  on  the  otbet",  a  i-ail  one  or  two  yards  shorter  may  be 
inserted  so  as  to  bring  it  back  again  near  to  the  mid  rail.  A  track 
laid  with  breaking-joint  is  hitcrally  stronger,  i[i  the  j>rof)ortion  of  10 
to  7,  than  when  the  joints  are  ofiposite  each  other.  1  had  a  length 
of  10  miles  of  permanent  way  laid  down  experimentally  on  two 
different  railways,  and  on  asking  the  opinion  of  the  permanent- 
way  inspectors  as  to  the  relative  merits  of  break-joint  and  opposite- 
joint,  the  first  told  me  that  the  break- joint  gave  more  trouble  in 
first  laying,  but  was  more  easily  maintained ;  hut  on  the  other  railway 
I  was  told  that  the  first  laying  was  less  tronblesome,  but  was  more 
difficult  in  raaintonanee.  It  is  doubtful  whether  there  is  any  marked 
advantage,  in  these  respects,  in  either  system.  Passing  from  one 
system  to  another  on  an  engine,  it  &eeme<l  to  me  that  the  break- 
joint  produced  rather  the  smoother  running. 

In  laying  permanent  way  tolescopieally  it  is  frequently  necessary 
to  make  temporary  diver&iona  to  pass  an  unfiniahcd  bridge  or  culvert, 
and  in  many  cases  (  have  found  such  diversions  improperly  con- 
structed, as  indicated  in  Diagram  13,  Ptate  LXXHL,  instead  of 
being  made  as  indicated  in  Diagram  14.  Such  diversions  must 
necessarily  be  on  steep  inclines,  and  if  the  curve  be  on  the  incline 
the  power  of  the  engine  for  hankie  is  greatly  diminished  ;  there- 
fore, instead  of  putting  the  curve  on  the  incline^  it  should  be  con- 
fined to  the  level  portions,  and  this  ts  generally  practicable. 

Transverse  wooden  sleejiers  have  many  advantages  ;  they  can  be 
procured  in  many  countries  locally,  but  in  the  tropics  many  of  the 
woods  decay  very  rapidly,  thongfi  some  of  the  harder  timber,  such 
as  oak,  saul  or  ironwooci,  are  very  suiuible  for  sleepers  and  very 
durable.  The  time  of  year  at  which  timber  ts  felled  luis  a  great  in- 
fluence on  its  durability.  Slecj>er6  should  i>e  cut  as  long  a  time  as 
possible  before  they  are  used^  and  stacked  with  s[jacos  between  them 
for  ventilation.  The  stacks  should  be  at  least  5  feet  distance  from 
each  other,  and  a  space  equal  to  a  sleeper^s  width  betivcen  each 
sleeper.  Not  more  than  about  50  sleepers  should  be  on  otie  slack, 
and  the  stacks  should  be  protected  from  sun  and  rain  by  matting  or 
otherwise. 

Although  broken  rock  ballast  affords  better  drainage  than  sand  or 
gravel,  yet  timber  sleepersi  es|}ecially  those  of  soft  wood^  are  some- 
times destroyed  more  rapidly  by  [lounding  upon  it  than  by  decay  in 
gravel  or  sand.  The  best  length  for  a  tninsverse  w*ood  sleeper  is 
about  If  of  the  gauge.  Creosoted  Baltic  sleepers  have  nott  ms  a 
rule,  proved  to  be  satisfactory  in  India. 
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Bed-plates,  or  chairs,  should  be  used  with  soft  wood  sleepers ;  they 
distribute  the  pressure  of  the  rail  on  the  sleepers ;  they  avoid  the 
necessity  of  adzing  the  sleepers,  which  tends  to  set  up  decay ;  they 
stop  any  tendency  of  the  rails  to  tilt,  and  increase  the  lateral  resist- 
ance of  the  spikes,  which  help  each  other  when  connected  by  a  bed- 
plate, whereas  without  a  bed-plate  the  spikes  on  one  side  of  the  rail 
alone  resist  lateral  movement.  It  is  necessary,  however,  that  the 
bearing-plates  should  be  of  suflScient  strength  and  thickness  to  prevent 
their  bending.  The  bed-plates,  indicated  in  Diagrams  15  and  16, 
Plate  LXXIIL,  are  rolled  to  the  section  shown  at  16,  and  cut  into 
short  lengths ;  in  some  cases  projecting  ribs,  as  shown,  or  a  net- 
work of  small  diagonal  ribs,  are  rolled  on  the  bottom  of  the  bed- 
plate to  give  it  a  good  hold  on  the  sleeper.  Too  long  a  bearing  of 
the  rail  on  the  sleepers  causes  the  sleepers  to  rock,  and  to  increase 
the  cost  of  maintenance. 

For  wooden  sleepers,  fang-bolts,  shown  at  17,  Plate  LXXIII., 
are  not  at  all  satisfactory;  they  form  a  strong  fastening  at  first, 
but  in  a  short  time  they  rust,  and  when  they  work  loose  they  can- 
not be  taken  out.  Coach  screws,  shown  at  18,  Plate  LXXIIL, 
have  been  used  in  India  for  the  same  purpose,  but  they  become 
useless  after  a  short  time.  Oak  trenails  are  sometimes  used  with  chairs 
for  double-headed  rails;  they  hold  well,  but  they  are  apt  to  be  sheared 
off  unless  assisted  by  iron  spikes.  Spikes  for  this  purpose  are  shown 
at  19,  Plate  LXXIIL;  they  are  generally  round,  with  "pan  head." 
Those  used  for  flange  rails  are  generally  rectangular  in  section, 
with  parallel  sides,  as  shown  at  20  and  21,  Plate  LXXIIL 
The  best  form  is  chisel-pointed,  so  as  to  displace  the  grain  of  the 
wood  endways,  the  length  of  tapering  point  being  about  twice  the 
diameter  of  the  spike.  They  have  generally  a  small  lug  on  each 
side  of  the  head  for  facilities  of  drawing  them.  The  highest  portion 
of  the  spike  should  be  over  its  centre  to  enable  it  to  be  driven 
straight  A  spike  should  not  be  driven  after  it  is  brought  in  con- 
tact with  the  rail;  it  frequently  happens  that  injudicious  driving  will 
snap  off  the  head,  as  shown  in  Diagram  22,  Plate  LXXIIL  Taper 
spikes  have  less  adhesion  than  parallel-sided  spikes.  No  advantage 
is  gained  by  jagging  the  spikes;  it  lacerates  the  fibre  of  the  wood  and, 
if  anything,  lessens  the  adhesion.  Twisted  spikes  have  been  tried  but 
found  useless.  Compressed  oak  keys  are  very  generally  used  for 
securing  double-headed  rails  and  chairs,  but  in  a  sea  voyage  they 
sometimes  absorb  moisture  and  expand  so  that  they  cannot  be  driven 
without  adzing  them  down.     In  the  tropics  the  great  hydrometric 
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changes  render  the  use  of  wooden  keys  very  undesirable ;  in  the  hot 
weather  they  shrink,  and  if  they  do  not  fall  out  under  the  vibration 
of  the  train,  they  allow  the  rail  to  hammer  in  the  chair.  Keys  of 
ooiled  iron,  and  steel  keys  bent  round  so  as  to  form  a  spring,  have 
been  employed  to  remedy  this  defect,  but  their  use  has  not  been 
attended  with  success. 

The  earliest  form  of  metal  sleeper  that  has  been  largely  used  is 
the  cast-iron  "pot"  or  "bowl  sleeper,"  shown  in  Figs.  23,  24,  and 
25,  Plate  LXXIIL  It  has  under  the  rail  two  small  pads  of  wood, 
and  the  pair  of  bowls  connected  together  by  a  transverse  bar  of 
wrought  iron  form  one  sleeper. 

These  sleepers  have  been  found  in  India,  on  the  whole,  to  be  very 
economical  in  maintenance  compared  with  wooden  sleepers,  when  the 
ballast  is  suitable.  On  one  railway  I  found  the  annual  percentage  of 
renewals  in  sand  ballast  to  be  less  than  3  per  cent.,  whilst  on  another 
railway  with  rock  ballast,  broken  too  large,  it  was  nearly  30  per  cent. 
Packing  under  the  concave  surfaces  is  somewhat  difficult  with  these 
sleepers,  and  the  wooden  pads  are  not  satisfactory;  after  a  time  they 
get  as  hard  as  iron,  and  it  is  necessary  to  cut  them  out  with  a  chisel 
when  they  require  removal.  Felt  and  soft  material  interposed  be- 
tween the  rail  and  the  sleeper  is  worse  than  useless.  De  Bergue's 
sleeper  (Figs.  26,  27,  and   28,  Plate  LXXIIL)  is  an  improvement  | 

on  the  pot  sleeper.     The  fastening  is  more  satisfactory,  the  sleeper  \ 

settles  itself  in  the  ballast,  and  is  more  easily  packed  than  the  con-  j 

cave  surface  of  the  pot  sleeper.     The  Denham  Olphert  sleeper  (Figs.  j 

29  and  30,  Plate  LXXIIL)  has  been  largely  used  on  the  East  Indian 
Railway,  and  appears  to  have  given  great  satisfaction.  It  is  easily 
packed,  and  the  rails  being  supported  under  the  top  tables,  the 
lower  tables  are  not  indented  by  concussion  (Figs.  31  and  32,  Plate 
LXXIIL,  show  the  adaptation  of  the  Denham  Olphert  sleeper 
to  the  flange  rail).  One  great  advantage  of  cast-iron  sleepers  is  that 
the  corrosion  is  small,  and  the  metal  is  always  capable  of  being 
re-cast  in  the  event  of  breakage  or  wear. 

Vautherin's  wrought-iron  sleeper  (Fig.  33,  Plate  LXXIIL,  and 
Figs.  1,  2,  and  3,  Plate  LXXIV.)  has  been  much  used  on  the  Con- 
tment.  I  have  tried  it  in  India  and  found  it  very  satisfactory.  Fig.  I> 
Plate  LXXIV.,  shows  the  section  of  the  sleeper,  and  Figs.  2  and  3, 
Plate  LXXIV.,  the  details  of  the  fastening.  The  objection  to  this 
sleeper  is  the  multiplicity  of  fastenings  and  their  tendency  to  rust 
together.  The  ordinary  transverse  "  pea-pod  "  steel  sleepers  (Fig.  4, 
Plate  LXXIV.,  and  shown  in  section  at  A,  B,  and  C)  have  been  very 
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largely  used  in  India,  and  have  been  found  to  be  most  satisfactory,  ex- 
cept where  the  ballast  contains  corrosive  salts.  It  is  extremely  simple, 
the  rail  being  fastened  to  it  by  a  taper  steel  key,  shown  in  Figa.  5 
and  6,  Plate  LXXIV. ;  and  allowance  in  gauge  for  curves  is  given  by 
driving  one  or  both  keys  on  the  inside  of  the  rails.  When  both  keys  ai-e 
outside  the  rails,  the  line  is  to  standard  width  of  gauge.  There  seems 
to  be  no  tendency  in  these  keys  to  shake  loose.  The  thickness  of  the 
metal  should  not  be  less  than  half  an  inch  at  the  fastening  or  a 
quarter  of  an  inch  in  the  body  of  the  sleepers.  It  is  a  mistake  to 
attempt  to  economize  too  much  in  the  weight  of  a  sleeper ;  a  certain 
amount  of  weight  is  necessary,  and  a  transverse  metal  sleeper  of  the 
ordinary  gauge  should  not  weigh  less  than  1501bs.  I  am  inclined  to 
prefer  a  simple  rolled  sleeper  of  the  unifoi-m  section,  shown  in  Diagram 
D,  Plate  LXXIV.,  and  with  fastenings  similar  to  those  of  the  "pea- 
pod  "  sleeper,  as  more  simple  in  manufacture  and  more  easy  to  pack 
than  the  "  pea-pod  "  sleeper.  The  ends  of  the  sleeper  should  be  left 
open.  Nothing  is  gained  in  lateral  stability  by  closed  ends ;  for  filling 
in  ballast  at  the  end  of  the  sleepers  does  not  practically  increase  the 
lateral  resistance,  which  is  directly  proportioned  to  the  weight  with 
which  the  sleepers  are  pressed  on  the  ballast  Too  long  a  bearing 
of  the  rail  causes  the  sleepers  to  rock.  Transverse  sleepers  should 
not  be  allowed  to  bear  on  their  centres,  and  the  ballast  should  be 
arranged  as  shown  by  dotted  lines  in  Fig.  4,  Plate  LXXIV.,  and 
drained  between  the  sleepers. 

Failure  is  more  instructive  than  success,  and  Figs.  7  to  14  inclusive, 
Plate  LXXIV.,  show  the  principal,  though  by  no  means  all  the 
types  of  longitudinal  rails  that  have  been  adopted  and  have  been  more 
or  less  failures.  Fig,  7  is  the  Adams'  girder  rail ;  8  the  bridge  rail 
used  on  the  7-foot  gauge  of  the  Great  Western  Railway ;  9  is  a 
double-headed  rail  on  cast-iron  supports  ;  10  a  flange  rail  on  a  longi- 
tudinal saddle ;  11  is  MacdonnelFs  sleeper  on  cast  longitudinals ;  12 
is  a  double-headed  rail  between  two  baulks  ;  13  is  Seaton's  rail  on 
timber  longitudinals,  triangular  in  section ;  14  is  Bai'low's  saddle 
rail ;  15  is  Adams'  suspended  rail  used  on  the  Bombay  and  Baroda 
Railway  ;  16  is  a  double  rail  use<l  on  the  Continent,  also  a  failure  ; 
17  and  18  are  rails  for  street  railways,  and,  except  for  such  purposes, 
longitudinal  sleepers  may  be  said  to  have  been  abandoned.  Practically 
the  only  types  of  rail  that  are  in  general  use  on  ordinary  railways  are 
the  flange  or  "  Vignoles"  indicated  in  Diagram  19,  Plate  LKXIV,,  the 
bull-headed  at  20,  and  the  double-headed  at  ^1.  The  flange  rail  is  almost 
universally  used,  except  in  England  and  some  of  its  dependencies.  The 
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ongina]  idea  of  the  double-headed  rail  was  that  the  rails  could  be 
turned,  and  would  then  last  as  long  as  a  new  rail.  Practice, 
however,  has  not  altogether  confirmed  this  view ;  the  rail  becomes 
indented  by  hammering  on  the  chair,  and  when  turned  it  makes  a 
very  rough  road,  injurious  to  rolling  stock.  Moreover,  when  a  rail 
has  been  much  run  over,  the  metal  appears  to  accustom  itself  in  time, 
as  it  were,  in  certain  stresses  in  tension  and  other  stresses  in  com- 
pression, and  when  these  stresses  are  reversed  by  turning  the  rail, 
the  metal  appears  to  fail  rapidly.  The  double-headed  rail  is  not  so 
strong  laterally  as  a  flange  rail ;  it  is  more  difficult  to  secure,  and 
the  constant  changes  from  moist  to  dry  cause  the  wooden  keys 
which  secure  it  to  expand  and  contract  alternately,  rendering  it 
very  difficult  to  keep  the  road  in  order.  In  the  tropics  these 
changes  are  much  greater  than  in  England.  The  bull-headed  rail  is 
a  compromise  with  the  double-headed  rail ;  it  is  a  tacit  admission 
of  the  practical  difficulty  of  turning  the  rail  and  endeavour  to  con- 
struct a  rail  with  many  of  the  disadvantages  of  a  double-headed 
rail,  whilst  its  only  advantage  is  that,  with  a  given  weight,  it  admits 
more  metal  in  the  top  or  wearing  table  of  the  rails.  The  flange  rail 
is  by  far  the  most  simple ;  it  is  easily  secured  and  maintained,  and 
for  all  practical  purposes  it  is  far  the  best  for  adoption  in  a  new 
country. 

Iron  rails  are  almost  extinct,  having  been  superseded  by  steel 
rails.  It  used  to  be  the  practice  to  notch  the  flange  of  rails  to 
check  their  tendency  for  travelling,  but  this  has  been  found  to  injure 
the  strength  of  the  rail,  setting  up  a  crack  and  causing  the  rail  to 
break  through  the  notch  with  rough  handling.  Angled  fish-plates, 
or  check-plates,  are  more  suitable  to  check  this  tendency.  When 
rails  are  used  on  very  sharp  curves,  or  turn-outs,  they  have  to  be 
bent,  but  care  should  be  taken  not  to  bend  them  in  what  may  be 
termed  a  "dog-legged"  manner.  A  very  efficient  form  of  rail 
press  is  formed  by  three  rollers,  the  central  roller  of  which  is 
screwed  down  to  give  the  required  curve,  and  the  rail  drawn 
through  and  bent  throughout  its  length,  the  rollers  being  grooved, 
so  as  to  loosely  fit  the  shape  of  the  rail.  If  a  screw  press  be  used, 
it  should  be  furnished  with  a  stop  to  prevent  the  bending  of  the  rail 
too  much  at  one  point.  Excepting  on  curves  of  very  sharp  radius, 
rails  may  be  sufficiently  bent  with  a  bar,  and  no  special  bending  is 
required  before  the  rail  is  put  into  the  road. 

Care  should  be  taken  to  give  a  proper  cant  to  the  rail,  generally 
1  in  20.     Wooden  sleepers  should  be  very  carefully  adzed  to  the 


Digitized  by  VjOOQ IC 


252 

proper  cant,  unless  a  canted  bed-plate  is  used.  Improper  canting 
injures  the  tyre,  ^hich,  in  its  turn,  reacts  upon  the  rail.  The  Oudh 
and  Rohilkund  Eailway,  as  originally  constructed,  had  no  cant  to  its 
rails,  and  the  tyres  of  the  rolling  stock  were  cylindrical  instead  of 
coned,  so  that  when  the  waggons  and  carriages  of  other  railways 
passed  over  the  line  their  tyres  suffered  and  they  injured  the  rails  ; 
in  like  manner  the  rolling  stock  of  the  Oudh  and  Rohilkund 
Bail  way  suffered  when  it  passed  on  to  other  railways. 

On  very  sharp  curves,  or  in  dangerous  places,  such  as  curved 
approaches  to  a  bridge,  it  is  usual  to  put  a  guard  rail  inside  the 
inner  rail,  and  where  the  gauge  has  been  increased  to  allow  for  the 
curve,  the  guard  rail  must  be  laid  with  reference  to  the  position  of 
outer  rail ;  in  fact,  the  clearance  must  be  increased  directly  as  the 
increase  in  gauge,  for  the  flange  of  the  wheel  will  bear  against  the 
outer  rail,  and  if  the  guard  rail  should  prevent  this,  the  inner  wheel 
will  grate  unpleasantly  against  the  guard  rail,  and  will  probably 
break  the  fastenings. 

Eails  are  often  made  with  too  small  a  radius  for  the  top  table, 
causing  undue  wear  both  of  rolling  stock  and  rails,  until  the  rail 
itself  is  worn  down.  The  radius  of  the  top  table  should  not  be 
less  than  15  inches,  and  some  engineers  recommend  a  radius  of 
2  or  3  feet.  The  radius  of  the  shoulder  should  be  about  f  inch ; 
the  thickness  of  the  web  may  be  from  |  inch  to  J  inch  for  rails  up 
to  75lbs.  weight.  The  length  of  rails  generally  in  use  now  is  about 
30  feet.  They  can  be  rolled  in  longer  lengths  to  save  joints,  but  in 
such  lengths  they  are  difficult  to  handle;  in  fact,  where  there  is 
much  land  carriage  of  an  expensive  character,  it  may  be  desirable  to 
adopt  even  shorter  lengths.  Heavy  rails  weighing  as  much  as  lOOlbs. 
per  yard  are  sometimes  adopted,  but  they  are  difficult  to  handle  and 
less  elastic  than  the  lighter  rails,  and  it  is  questionable  whether 
better  results  cannot  be  obtained  with  lighter  rails,  say  about  75lbs. 
to  the  yard,  and  a  slight  increase  in  the  number  of  sleepers. 

When  commencing  a  line  in  a  new  country,  the  class  of  permanent 
way  to  be  laid  down,  and  the  weight  of  rails  to  be  adopted,  must 
depend  upon  the  traffic  that  may  be  expected.  When  the  traffic  is 
likely  to  be  small,  it  may  be  well  to  lay  down  a  light  rail  in  the  first 
instance,  and  renew  with  heavier  rails  as  the  traffic  increases ;  but, 
at  the  same  time,  it  must  be  remembered  that  a  light  rail  limits  the 
wheel  load,  and  consequently  the  efficiency  of  the  engines,  and  the 
traffic  is,  as  a  rule,  far  greater  than  statistics  of  existing  traffic  would 
indicate^ 


Digitized  by  VjOOQ IC 


253 

In  steel  rails,  the  best  angle  for  fishing  is  about  15**  from  the 
horizontal  line  when  the  rail  is  upright,  as  indicated  in  Fig,  19,  Plate 
LXXIV.  In  modem  practice  the  tendency  is  to  increase  the 
strength  of  fish-plates  by  producing  them  below  the  level  of  the 
bottom  of  the  rail,  as  shown  in  Fig.  22,  Plate  LXXIV.,  to  give 
additional  depth.  The  suspended  joint  is  generally  preferred  to 
the  insistent  joint.  Adams'  insistent  fish-joint,  shown  at  Fig.  25, 
has  been  tried,  but  was  not  satisfactory.  Ibbottson's  fish-clip,  shown 
at  Fig.  26,  has  also  been  tried,  but  was  very  unsatisfactory,  chiefly 
owing  to  the  difficulty  of  making  a  proper  fit  to  the  rail.  In  one 
case  I  found  the  sand  had  collected  in  the  clip  and  prevented  the 
expansion  of  the  rail ;  this  was  remedied  by  boring  a  small  hole  in 
the  bottom  of  the  clip  under  the  joint.  Holes  in  the  rails  for  fish- 
plates should  be  oval,  to  allow  for  expansion. 

Fish-plates  have  generally  four  bolts  to  a  pair ;  in  some  cases  five 
bolts  have  been  used,  one  bolt  being  in  the  centre,  and  the  ends  of 
the  rails  being  notched  to  admit  the  central  bolt.  This  prevents  any 
spring  of  the  fish  at  the  centre.  In  some  cases,  six  bolts  have  been 
used,  but  it  has  been  found  that,  when  injudiciously  screwed  up,  the 
grip  of  the  fish-plates  was  so  great  as  to  prevent  a  proper  expansion 
of  rails.  Fish-plates  have  been  used  thicker  at  the  middle  than  at 
the  ends,  as  shown  at  Fig.  28,  Plate  LXXIV.,  but  this  renders  their 
manufacture  difficult,  and  it  is  doubtful  whether  any  advantage  is 
gained  by  this  form.  Bolts  and  cotters  have  been  used  as  shown 
in  Fig,  24,  Plate  LXXIV.,  the  tendency  of  the  fastening  being  to 
shake  tight  with  the  vibration  of  the  train  ;  the  objection  to  them 
is  that  they  afford  so  little  surface  to  bear  the  stress. 

It  is  very  important  to  have  an  efficient  fish-bolt,  and  many  ex- 
pedients have  been  proposed  in  the  shape  of  lock-nuts,  spring 
washers,  etc.,  but  it  is  doubtful  whether  they  will  be  permanently 
efficacious.  Some  lock-nuts  have  been  used  with  more  or  less 
success  in  preventing  the  nuts  from  slackening,  but  there  is  a 
danger  of  the  threads  rusting  in  the  nuts,  so  that  they  cannot  be 
removed  without  breakage ;  this  is  not  the  case  where  nuts  are 
being  constantly  tightened  up  by  the  plate-laying  gang.  In  main- 
tenance, great  care  should  be  exercised  in  always  keeping  up  the 
road  in  first-class  condition ;  if  once  the  joints  get  down,  and  the 
ends  of  the  rails  are  worn  to  any  extent,  it  is  almost  hopeless  to 
maintain  a  good  joint,  and  the  road  will  always  run  roughly. 

Cast-steel  reversible  crossings  are  much  used,  and  they  have  many 
advantages,  but  they  are  somewhat  rigid,  and  cannot  be  eased  off  to 
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suit  different  conditions  so  easily  as  built  crossings,  though  they  are 
more  durable.  One  disadvantage  is  that  sharp  angles  necessary 
sometimes  cause  the  lug  which  takes  the  rails  to  snap  ofi^  as 
indicated  by  the  dotted  line  in  Fig.  26,  Piatt  LXXIV.,  making  ihe 
crossing  useless.  This  is  generally  due  to  carelessness  on  the  pan 
of  the  plate-layer.  There  is  more  jar  in  these  crossings  than  on 
those  that  are  built  up,  but  it  may  be  minimized  by  careful  laying. 
For  cross-over  roads,  it  is  desirable  to  have  the  two  crossings 
(a  and  a,  Fig,  27,  Plate  LXXIV.)  of  the  same  angle,  otherwise  it  is 
difficult  to  insure  easy  running,  and  the  crossings  come  so  close 
together  that  there  is  little  room  for  adjustment. 

In  stations  where  several  sidings  fan  out  from  the  main  line,  they 
should  be  designed  so  as  to  avoid  a  series  of  curves.  Stations  are 
sometimes  improperly  laid  out,  as  shown  at  Fig.  29,  Plate  LXXI\'., 
when  the  proper  way  would  have  been  as  shown  at  Fig.  30  ;  it  is  & 
small  difference  in  detail,  but  it  makes  a  great  difference  in  the  wear 
and  tear  of  shunting. 

In  laying  in  points  it  should  always  be  remembered  that  the  heel 
of  the  switch  is  an  obligatory  point,  for  there  is  a  certain  distance 
required  for  the  clearance  of  the  flange  of  the  wheel  and  the 
width  of  the  head  of  the  rail,  so  that  the  length  of  the  switch 
is  generally  shorter  than  the  theoretical  length  of  the  true  curve 
drawn  through  the  crossing  and  the  heel  of  the  switch.  Practical 
considerations  limit  the  length  of  the  switch,  so  that  the  ciu-ve  is,  as 
a  rule,  theoretically  incorrect ;  this  is,  however,  in  practice  so 
adjusted  that  it  is  not  noticeable  either  to  the  eye  or  by  any  jar  to 
the  rolling  stock.  Sometimes  very  long  switch  rails  have  been  tried, 
but  the  difficulty  of  keeping  a  long  unstayed  switch  rail  in  proper 
position  1ms  made  the  remedy  worse  than  the  disease. 

The  sections  showing  the  wear  of  rails,  as  indicated  at  the  bottom 
of  Plate  LXXIV.,  are  instructive  as  showing  the  manner  in  which 
rails  wear  on  a  curve ;  the  greater  wear  is,  as  a  rule,  not  on  the 
outer,  but  on  the  inner  rail,  owing  to  the  additional  weight  thrown 
on  to  it  in  consequence  of  the  super-elevation  of  the  outer  rail.  In 
those  sections  which  are  marked  with  an  asterisk,  the  wear  on  the 
inner  rail  has  exceeded  that  on  the  outer  rail ;  in  fact,  even  where 
the  wear  of  the  outer  rail  has  exceeded  that  of  the  inner  rail,  the 
upper  surface  of  the  outer  rail  has,  as  a  rule,  worn  down  less. 

The  wear  up  to  a  certain  point  appears  to  be  fairly  proportional 
to  the  radius,  but  where  it  has  been  allowed  to  become  excessive,  as 
shown  in  the  last  of  these  sections,  the  rolling  action  of  the  tyre  is 
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exchanged  for  a  grinding  action,  which  increases  the  wear  very 
rapidly.  It  is,  however,  impossible  to  distinguish  in  these  sections 
how  much  of  the  wear  is  due  to  the  curve,  and  how  much  to  the 
super-elevation  of  the  outer  rail.  If  the  elevation  be  insufficient 
for  the  velocity  of  the  trains,  the  grinding  action  on  the  outer  rail 
will  be  considerable;  but  if  the  super-elevation  be  greater  than 
necessary  for  the  speed,  the  wear  on  the  inner  rail  will  be  increased. 
The  wear  round  curves  must,  however,  depend  greatly  on  the  length 
of  rigid  wheel-base  of  the  rolling  stock.  Curves  of  100  feet  radius 
have  been  used  with  bogie  stock  on  the  New  York  Elevated  Railway 
at  portions  where  it  is  necessary  to  proceed  at  a  slow  speed,  but 
curves  of  a  smaller  radius  than  600  feet  are  very  undesirable,  and 
unless  great  saving  is  to  be  obtained  in  a  mountainous  country  it  is 
better  not  to  adopt  curves  of  less  than  1,000  feet  radius.  In  a  hot, 
dry  climate,  the  wear  on  curves  will  necessarily  be  greater  than  in  a 
cool,  moist  climate. 
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PAPER  IX. 

THE  ORGANIZATION  OF  THE  MILITARY 
AND  ADMINISTRATIVE  SERVICES 
DURING  A  SIEGE.* 

By  Major  C.  B.  Mayne,  RK 
(Ledwe  given  at  the  School  of  Military  Engineering,  31s/  October,  1895). 


Thk  subject  is  here  dealt  with  in  Reference  to  the  defence  of  a  land 
fortress,  when  besieged,  in  a  friendly  country.  All  our  textbooks 
deal  very  fully  with  the  military  and  technical  aspects  of  the  defence 
of  fortified  places,  but  very  little  is  said  indeed  about  the  adminis- 
trative arrangements  required  to  enable  the  military  defence  to  be  main- 
tained in  the  most  efficient  manner  possible. 

It  is  almost  impossible  to  find  anything  written  on  this  subject  in 
the  £nglish  language,  and  consequently  the  following  remarks  must 
be  taken  merely  as  suggestions  as  to  what  can  be  done  and  should 
be  done  in  a  place  likely  to  be  besieged.  It  is  not  to  be  assumed 
that  all  the  measures  recommended  to  be  taken  in  the  following 

*  The  principles  advocated  in  this  paper  are  applicable,  with  suitable  modi- 
fications as  to  details,  to  the  smallest  as  well  as  the  largest  of  fortified  places^ 
The  case  of  a  large  fortress  is  alone  considered  in  the  following  pages,  but  the 
reader  can  make  the  necessary  suitable  modifications  for  different  cases. 
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pages  have  ever  been  carried  out  in  any  single  siege  of  the  past^  but 
some  have  been  carried  out  in  one  siege  and  othera  in  other  sieges. 
These  various  measures  have  here  been  collated  and  brought  togeth^ 
so  as  to  form  a  consistent  system  suited  to  our  own  military  organi- 
zation, and  it  is  believed  that  this  is  the  first  time  that  such  an 
attempt  has  been  made  in  English  military  literature.* 

Now  the  first  thing  to  be  remembered  in  all  military  matters  is 
that  the  armed  and  organized  body  of  men  called  "the  army"  is  not 
a  self-contained  perpetual-motion  machine ;  it  is  an  organism  having 
daily  needs  that  require  to  be  daily  supplied,  in  order  to  prevent  its 
annihilation  by  exhaustion.  Doubtless  the  object  of  an  armed  force 
is  to  fight,  but  it  is  the  duty  of  its  commander  to  bring  it  to  the  fight 
in  the  best  possible  condition  for  fighting,  and  as  the  number  of  days 
spent  in  fighting  are  few,  while  the  necessity  for  supplying  the  needs 
of  an  army  (which  is  a  consuming  organism)  is  constant,  a  leader  in 
the  field  is  compelled  to  spend  far  more  time  considering  over  his 
administrative  arrangements  and  their  results  than  he  has  to  spend 
over  his  arrangements  for  battle  only. 

But  at  the  same  time  it  must  be  acknowledged  that  it  is  always 
necessary  to  make  the  military  and  technical  requirements  of  any 
particular  phase  of  war  our  first  study,  because  it  is  very  essential 
to  study  all  matters  in  their  most  critical  aspect — the  battle — in 
order  to  learn  fully,  not  only  aM  the  requirements  that  have  to  be 
met,  but  also  the  mutual  relations  of  the  various  arms. 

It  almost  goes  without  saying  that  such  a  large  subject  as  is  now 
being  considered  cannot  be  dealt  with  in  a  complete  and  adequate 
manner  in  a  short  paper,  and,  therefore,  all  that  can  be  done  under 
the  circumstances  is  to  present  to  the  reader  a  bare  outline  of  the 
many  considerations  that  are  involved  in  the  expression  "  the  defence 
of  a  land  fortress."  It  is  not  intended  to  deal  with  the  somewhat 
delicate  questions  of  naval  aid  and  assistance  to  the  land  forces,  and 
of  the  mutual  relations  of  the  sea  and  land  armaments  and  forces 

*  The  writer  has  to  acknowledge  his  obligation  to  a  brief  French  pamphlet 
ffiving  an  analysis  of  a  German  work  by  Major-Greneral  von  Kamptz,  entitled 
The  Organization  of  the.  Auxiliary  Services  of  a  Besieged  Place,  1877.  As 
the  writer  is  unable  to  read  German,  he  has  not  been  able  to  avail  himself 
of  the  contents  of  this  larger  work,  but  as  General  von  Kamptz's  recommenda- 
tions apply  to  a  different  military  and  civil  organization  to  our  own,  his 
remarks  can  only  be  of  general  interest  to  English  officers.  The  French 
Government  publish  regulations  relating  to  besieged  places,  but  they  only 
touch  on  a  very  few  of  the  details  that  have  to  be  considered.  However,  the 
French  official  Dicret  portaiU  riglemcTU  sur  le  service  dans  les  places  de  ffuerre 
et  les  vUles  ouvertes  is  worth  being  carefully  studied.  The  above  are  the  only 
two  works  bearing  directly  on  the  subject  that  the  writer  has  met  with. 
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acting  together  at  our  naval  basea.  These  points,  however,  are  very 
important  ones  to  be  thought  out,  especially  in  the  British  service, 
in  order  to  obtain  the  maximum  effect  from  the  combined  efforts 
of  the  sister  services  with  the  minimum  of  friction.  But  so  far  as 
the  object  of  this  paper  is  concerned,  nothing  will  be  said  about 
them. 

As  it  is  very  important  that  the  expressions  we  use  should  be 
understood,  the  meaning  of  two  words,  as  used  in  this  paper,  must 
be  defined  before  going  further,  viz.,  fori  and  fortress. 

By  a  fort  is  meant  a  small  fortified  locality  whose  influence  does 
not  extend  further  than  the  efficacious  range  of  its  armament. 

By  a  fortress  is  meant  a  large  fortified  locality  whose  influence 
extends  considerably  further  than  the  efficacious  range  of  its  arma- 
ment. This  long  range  of  influence  depends  partly  on  the  offensive 
power  of  its  garrison,  and  partly  on  the  strategic  rdle  that  the 
fortress  is  expected  to  play  during  a  war. 

Whatever  may  be  the  existing  differences  of  opinion  among 
military  engineers  as  to  the  designs  of  the  details  of  a  land  fortress, 
there  is  a  complete  agreement  as  to  the  general  form  that  such  a 
fortress  will  assume,  viz.,  a  central  locality  (that  has  to  be  protected 
from  capture  by  an  enemy)  surrounded  by  a  number  of  detached 
forts  placed  at  a  considerable  distance  from  the  central  locality,  and 
at  certain  intervals  from  one  another,  the  forts  and  intervals  being 
guarded  by  troops  and  guns.  This  general  principle,  when  applied  to 
a  concrete  case,  gives  rise  to  many  questions,  such  as,  shall  the  central 
locality  itself  be  fortified  or  not  ?  and  if  to  be  fortified,  how — ^by 
permanent,  semi-permanent,  or  field  works  1  At  what  intervals 
apart  from  each  other  are  the  detached  forts  to  be  placed  in  the 
girdle  they  form  round  the  central  locality  ?  and  at  what  distance 
are  they  to  be  from  this  latter  ?  What  should  be  the  design  of  the 
detached  forts — are  they  to  form  emplacements  for  artillery  only,  or 
for  infantry  only,  or  for  both  1  Are  they  to  be  of  a  field  work, 
semi-permanent,  or  permanent  type  of  construction?  And  so  on. 
But  such  questions  cannot  be  answered  per  se  ;  they  depend  on  many 
controlling  factors,  such  as  the  importance  of  the  role  that  the 
fortress  will  have  to  play  in  war,  the  quality  and  quantity  of  the 
troops  which  are  to  form  its  garrison,  the  difficulties  that  the  attack 
and  defence  have  to  deal  with,  the  possible  duration  of  the  war,  the 
power  and  technical  use  of  the  armaments  of  the  opposing  forces, 
etc.  Every  case  has  to  be  dealt  with  on  its  own  merits.  But  there 
is  a  general  agreement  on  the  following  points  : — 
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1.  If  the  central  locality  is  to  be  fortified,  all  that  is  required  far 
the  purpose  is  a  strong  obstacle  earthwork  of  simple  trace. 

2.  The  outlying  detached  forts  should  have  as  one  of  their  cbief 
duties  the  prevention  of  the  enemy  forming  a  permanent  lodgement 
within  the  area  they  encircle  until  two  or  more  of  them  have  been 
captured. 

3.  The  intervals  between  the  outlying  detached  forts  are  to  be 
strengthened  by  such  field  works  as  will  enable  the  defending 
infantry  and  artillery  to  most  efficaciously  carry  out  their  respecfciTC 
duties. 

4.  The  central  locality  and  the  outlying  forts  should  all  be  con- 
nected by  telegraphic,  telephonic,  railway,  and  road  communications, 
so  as  to  speedily  effect  the  conveyance  of  orders,  information,  guns, 
ammunition,  stores,  etc.,  to  wherever  they  may  be  required. 

5.  One  or  more  interior  field  positions  must  be  prepared  during 
the  siege  behind  that  portion  of  the  line  of  detached  forts  that 
is  being  specially  attacked  by  the  enemy. 

6.  In  these  days  of  accurate  artillery  tire  of  great  power,  the 
invisibility  and  mobility  of  the  artillery  armament,  and  the  invisi- 
bility of  all  works,  are  very  necessary  to  minimize  the  possible 
efficacy  of  the  enemy's  fire  and  to  reduce  the  expense  of  con- 
struction.* Visible  armoured  defences  are  advocated  by  some 
military  engineers. 

7.  An  ample  provision  of  intermediate  and  expense  magazines  near 
the  fighting  line  is  very  necessary. 

8.  Means  of  observing  the  enemy  and  the  effects  of  our  own  fire 
from  a  height  (i.e.,  by  balloons,  field  observatories,  towers,  etc.)  are 
very  desirable. 

9.  The  quality  and  numbers  of  the  troops  forming  the  garrison 
must  not  be  below  a  certain  minimum,  nor  above  a  certain  maxi- 
mum, if  a  good  and  prolonged  defence  is  required,  and  if  the  field 
armies  are  not  to  be  unduly  weakened. 

10.  An  active  defence  is  essential ;  this  depends  on  a  bold,  deter- 
mined and  vigorous  commander. 

Thus,  in  making  arrangements  for  preventing  the  capture  of  a 
place  by  f ortifjdng  it,  we  have  to  decide  on  which  of  the  many  consi- 
derations that  bear  on  the  question  we  consider  to  be  of  the  greatest 
importance  for  the  particular  place,  time,  and  conditions  of  the  war. 
Given  a  certain  sum  of  money,  how  is  it  to  be  spent  1  On  men,  works, 

^  It  must  be  remembered  that  the  money  available  lor  defences  is  limited, 
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armaments,  communications,  magazines,  supplies,  etc.  ?  For  what 
is  spent  on  one  means  so  much  less  for  the  others.  But  wbntover  is 
done,  we  must  bear  in  mind  that  the  line  of  detached  forts  marks 
that  fighting  position  which  the  defenders  must  hold  on  to  a,^  long  as 
possible  in  order  to  preserve  for  the  defence  the  greatest  advantages 
possible.  Once  this  line  is  penetrated,  the  conditions  of  the  attritk 
and  defence  become  more  equalized.  And  we  must  also  remember 
this  fact,  that  unless  the  attackers  are  only  trying  to  starve  the 
defenders  into  submission,  the  artillery  of  the  defence  must  sooner 
or  later  be  overpowered,  unless  assistance  arrives  from  the  outside. 
Hence  the  ultimate  defence  must  rest  on  the  infantry  of  the  ^^arrison, 
aided  by  such  artillery  as  has  not  been  silenced.  In  fact,  through- 
out the  whole  defence  the  infantry  must  form  the  backbone  of  it^  and 
the  function  of  the  artillery  and  engineer  services  is  to  give  assist- 
ance, either  directly  or  indirectly,  to  the  infantry  in  its  arduous  duties. 
In  war,  the  artillery  arm  is  essentially  the  leveller  of  obstacles — 
material  and  moral ;  it  levels  the  way  for  the  subsequent  infantry 
efforts.  The  engineer  arm  is  essentially  the  handmaiden  anB,  and  to 
fulfil  its  duties  as  such  it  must  understand  the  requirements  of  all  the 
other  arms  and  administrative  services. 

So  far  we  have  considered  the  subject  of  fortresses  without  hav- 
ing referred  to  the  object  for  which  they  have  been  constructed. 
This  object,  however,  is  a  vital  point  to  bear  in  mind,  as  we  cannot 
properly  carry  out  tlie  defence  of  any  fortified  place  without  fird  dktindly 
hearing  in  mind  why  we  have  fortified  it.  Thus,  before  considering 
details,  we  must  first  fully  realize  the  principles  underlyini^  the  de- 
fence of  a  fortress,  or  rather  the  purpose  for  which  the  defence  is 
undertaken.  This  is  a  necessary  preliminary,  because  ddaih  are 
only  conditional  things;  they  are  only  the  concrete  application  of 
abstract  principles  according  to  the  end  in  view  and  the  available 
means  at  hand 

The  object  of  war  is  the  annihilation  of  the  enemy's  means  of 
resistance,  t.e.,  of  both  his  troops  and  the  supplies  they  require  for 
their  existence  as  troops.  This  object  we  strive  to  obtain,  partly  by 
depriving  the  enemy  of  his  sources  of  supply  by  means  of  eapturing 
his  territory  and  collections  of  supplies,  but  chiefly  by  endeavouring 
to  bring,  at  the  right  times  and  places,  superior  forces  of  ijur  own 
upon  inferior  forces  of  the  enemy,  and  so  to  defeat  the  latter  before 
they  can  receive  assistance.  Fortification,  if  properly  used,  is  only 
one  of  the  means  at  our  disposal  to  attain  this  end,  for  lUs  whole 
object  is,  or  should  be,  to  assist  in  obtaining  a  local  superiority  oviar 
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the  enemy  by  the  aid  of  artificial  means. ^  We  do  this  by  selecting 
such  places  to  be  fortified  as  the  enemy  will  desire  to  capture,  either 
for  his  own  interests  or  to  weaken  our  own  means  of  resistance, 
and  then  (1)  so  altering  the  surface  of  the  ground  around  it  as  to 
enable  an  inferior  force  to  resist  one  greatly  superior  to  it  until 
extraneous  help  comes  to  relieve  it ;  and  (2)  so  garrisoning  it  as  to 
compel  the  enemy  to  detach  a  much  larger  force  than  the  garrison  to 
prevent  the  latter  attacking  his  field  armies  in  flank  or  in  rear. 

Thus  all  fortification  must,  for  its  best  use,  be  viewed  from  both  t 
strategical  and  a  tactical  aspect.  If  it  be  but  technically  regarded, 
apart  from  its  tactical  and  strategical  aspect,  and  be  looked  on  as  an 
end  in  itself,  it  will  be  misused,  and  may  have  a  disastrous  instead 
of  a  beneficial  effect  upon  the  result  of  the  war.  An  army  in  the 
field  must  be  able  to  move  and  be  able  to  procure  witli  certainty  the 
supplies  of  all  kinds  needful  for  its  existence  as  an  army.  That  is  to 
say,  each  army  must  secure  for  itself  the  free  use  of  roads,  railways, 
and  waterways,  etc.,  and  also  its  rear  from  attack,  and  it  must  further 
capture  and  hold  securely  all  the  centres  of  production  and  storage  in 
its  vicinity.  While  trying  to  procure  these  objects  for  itself,  each 
army  tries  to  deprive  the  enemy  of  them  whenever  this  can  be  safelj 
done.  Consequently  all  lines  of  communication  (especially  railways 
and  such  defiles  as  bridges  and  mountain  passes),  all  centres  of  pro- 
duction or  manufacture,  all  magazines  and  depdts,  especially  of 
warlike  stores,  and  all  important  naval  dockyards,  will  form  objec- 
tives for  the  enemy's  efforts  when  the  opposing  army  is  not  in  his 
immediate  presence.  Hence  the  more  important  places  of  pro- 
duction and  storage,  which  are  also  always  on  the  great  lines  of 
communication,  and  which  will  certainly  form  objectives  for  the 
enemy's  efforts  to  capture  them,  are  usually  chosen  as  phices 
to  be  fortified,  and  these  should  then  be  adequately  garrisoned 
and  armed,  and  otherwise  provided  with  the  necessary  means 
for  being  defended.  And  here,  in  passing,  it  is  well  to  remind  our- 
selves of  the  fact  that  fortifications  without  armament  and  supplus 
of  all  kinds  and  an  adequate  and  determined  garrison  are  useless.  They 
are  then  only  like  a  lifeless  body.  In  fact,  fortifications  should  he 
constructed  to  assist  the  garrison  of  the  place,  that  is,  the  latter 
should  be  first  considered  and  then  the  former.    Fortification  is  odyaj 

*  *'  Tlicre  arc  boiiic  military  men  who  ask,  of  what  use  are  fortified  phces, 
entrenched  camps,  and  the  art  of  the  engineer?  We  ask  them,  in  reply,  bov 
is  it  possible  to  manoeuvre  with  inferior  or  equal  forces  without  the  assistance 
of  positions,  fortifications  and  all  the  supplementary  means  of  the  art!"— 
ConverscUioite  of  Napoleoji,  by  Montholon. 
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value  according  to  the  value  of  Us  garrison,  armament^  commander,  and  the 
means  provided  for  making  a  prolonged  defence.  It  is  only  the  last  of 
these  conditions  that  we  are  going  to  deal  with  in  the  following 


The  places  to  be  fortified  being  thus  centres  of  production  and 
storage,  they  are  places  having  a  large  civil  population.  This  is  an 
important  fact  to  bear  in  mind,  and  the  places  selected  for  being 
fortified  must,  therefore,  be  made  secure  from  the  chance  of  a 
serious  distant  bombardment,  which  may  seriously  disafiect  the 
populace,  and  through  them  the  troops,  besides  destroying  the  very 
means  of  production  and  storage  we  are  so  desirous  to  protect. 
Hence  the  necessity  for  placing  the  outer  line  of  detached  forts  and 
other  outlying  defensive  works  at  t^  distance  from  the  central  locality 
(*.«.,  the  centre  of  production  and  storage).  This  distance  is  chiefly 
governed  by  the  ranging  powers  of  modem  siege  artillery  and 
by  the  features  of  the  ground  in  the  vicinity  of  the  place.  The 
situation  of  the  central  locality  is  usually  in  a  valley  or  hollow, 
astride  of  a  river  or  railway,  or  at  a  junction  of  roads  or  other  lines 
of  communication,  and  the  outlying  detached  forts  and  works  are 
placed  on  the  surrounding  heights.  Consequently,  the  line  of 
detached  forts,  i.e.,  the  line  of  battle,  has  to  be  chosen  within 
narrow  limits  of  ground,  and  within  these  limits  the  best  battle- 
field possible,  under  the  circumstances,  has  to  be  selected,  even 
though  it  may  be  one  that  would  never  have  been  taken  up  by  a 
field  army  free  to  choose  its  own  fighting  positions  on  the  threatre 
of  war.  This  explains,  in  many  cases,  the  difiiculties  which  the 
defenders  of  a  fortified  place  have  had  to  contend  with,  for  they 
have  had  to  defend  ground  ill-adapted  for  the  best  defence. 

Tactically  speaking,  the  art  of  fortification  consists  either  in  im- 
proving the  natural  tactical  advantages,  or  of  minimizing  the  natural 
tactical  disadvantages,  of  the  grpund  to  be  contested  for,  by  means 
of  artificial  works.  Hence  the  true  object  of  fortification  is,  by 
artificial  constructions,  to  enable  a  smaller  force  to  hold  a  much  larger 
body  in  check  for  a  considerable  period,  and  thus  to  have  a  powerful 
strategical  influence  on  the  campaign.  But  while  fortification  in  its 
adaptation  to  given  localities  is  a  branch  of  tactics,  the  choice  of  the 
particular  localities  that  are  to  be  fortified,  and  number  and  quality 
of  their  garrisons,  lies  within  the  province  of  strategy,  and  in  this 
respect  fortification  is  a  branch  of  strategy.  But,  in  most  cases,  a 
fortress  should  not  only  have  a  strategic  defensive  capacity  or 
negative  rdle ;  it  should  also  have  a  strategic  oflensive  capacity  or 
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positive  rdle,  and  this  can  only  be  secured  by  its  being  given  a 
mobile  field  force  over  and  above  its  bare  defensive  ganison, 
that  can  sally  forth  and  strike  a  serious  blow  on  the  enemy's  flaiks 
and  rear.*  Fortresses  which  are  not  given  this  mobile  field  fcroe 
will  not  play  such  a  rdle  in  war  as  may  be  expected  from  then  in 
order  to  compensate  for  their  great  cost,  viz.,  to  draw  a  still  greater 
portion  of  the  enemy's  forces  away  from  the  field  operations  than 
those  which  form  the  garrison  of  the  place.  This  mobile  field 
force  should  not  be  too  large,  and  should  be  composed  of  troops  fit 
for  manoeuvring. 

Provided  that  the  other  troops  of  the  garrison  are  backed  up  by 
such  a  mobile  field  force,  they  need  not  be  up  to  the  standard  of  the 
troops  composing  the  latter,  for  from  the  great  increase  of  artificial 
strength  that  fortifications  give  to  troops  behind  them,  the  defenders 
can  be  largely  composed  of  such  relatively  inferior  troops  as  are  unfitted 
for  field  warfare.  Consequently,  fortification  enables  a  greater  propor- 
tion of  the  best  troops  of  a  nation  being  used  for  the  field  warfare  tluji 
when  such  fortifications  do  not  exist.  The  places  fortified  ai*e  those 
which  have  to  be  held  and  defended  whether  fortified  or  not,  and 
they  are  only  fortified  to  reduce  the  number  and  quality  of  the 
troops  required  for  their  defence. 

Of  course,  all  the  places  to  be  fortified  in  any  country  should  be 
so  selected  as  to  form  a  connected  system  in  agreement  with  the 
general  plan  of  national  defence,  and  in  this  system  and  plan  each 
fortress  should  have  its  definite  rOk  allotted  to  it.  If  the  fortress 
does  not  fulfil  its  rdle,  then  all  that  has  been  expended  on  it  has  been 
uselessly  spent,  and  it  is  the  duty  of  every  Government  to  ensure  that 
all  its  fortresses  shall  be  efficiently  well  equipped  in  troops,  mateiial, 
and  stores,  and  be  given  capable  commanders,  in  order  that  they 
may  individually  be  able  to  play  the  part  assigned  to  them 
in  any  possible  war.  This  part,  of  course,  must  be  one  that 
will  hinder  the  enemy's  movements  and  weaken  his  field  armies, 
and  this  can  only  be  effected  by  the  action  of  the  troops  that 
the  various  fortresses  are  garrisoned  with.  These  troops  require 
also  an  adequate  provision  of  warlike  stores,  food,  and  other 
supplies,  or  else  they  cannot  act  so  energetically  as  to  ensure  the  roU 
of  the  various  fortresses  being  carried  out.     If  this  rdle  fails  in 

♦  Cases  may  occur  in  which  a  place  may  be  fortified  in  order  to  prevent  the 
enemy  possessing  himself  of  it.  In  such  a  case,  the  fortress  would  only  play  a 
negative  rdle.  As  an  example  of  such  a  place  we  may  take  the  case  of  a  naval 
dockyard  of  a  maritime  power  far  distant  from  the  probable  scene  of  decisi^'« 
land  operations. 
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execution,  then  the  success  of  the  national  defence  is  endangered. 
Hence  we  see  the  national  importance  of  ensuring  the  efl&cient 
defence  of  the  fortresses  of  a  country,  and  that  this  defence  should 
l3e  of  as  long  duration  as  possible.  A  capitulated  fortress  is  a  double 
disadvantage,  for  it  is  a  loss  to  the  nation  to  which  it  belongs,  as 
neither  it  nor  its  garrison  can  any  longer  play  any  part  in  the 
national  defence,  while  it  is  a  gain  to  the  enemy,  as  it  frees  a  number 
of  his  troops  for  use  elsewhere,  and  allows  a  large  quantity  of  valu- 
able stores  to  fall  into  his  hands.  We  have  further  to  remember 
that  a  besieged  place  is  certain  to  fall  into  the  hands  of  the 
besiegers,  if  it  is  not  succoured  and  re-supplied  within  a  certain 
time.  But  enough  has  been  said  to  show  that,  in  every  case, 
it  is  the  absolute  duty  of  the  defenders  to  prolong  the  resistance 
to  the  utmost  limit  possible,  in  order  (1)  either  to  facili- 
tate the  work  of  the  field  armies  by  keeping  tied  to  the  fortress 
the  greatest  number  possible  of  the  enemy;  or  (2)  if  they  suc- 
cumb, to  at  least  make  the  enemy  pay  as  dearly  as  possible  for 
his  success.  And  it  is  also  the  absolute  duty  of  the  defenders  to 
act  in  such  a  way  as  to  cause  the  strategical  offensive  influence  of 
the  fortress  to  be  felt,  or  else  it  will  not  be  fulfilling  its  proper  rdle 
in  the  war.  This  can  only  be  done  by  an  active  defence,  which 
has  the  further  advantage  of  keeping  up  the  moral  of  the  garrison. 
We  may  thus  summarize  the  conditions,  under  which  the  defence  of  a 
land  fortress  is  undertaken.  In  such  a  foitress  we  have  a  stationary 
garrison  proper  of  relatively  inferior  troops^  a  proportionate  mobile  field 
force  of  all  arms,  if  possible  of  relatively  good  troops,  and  a  large  civilian 
population  to  deal  with.  And  the  defence  must  be  so  conducted  as  to  pro- 
duce a  marked  strategical  effect  on  the  course  of  the  operations  by  com- 
peiling  the  enemy  to  attack  or  watch  the  fortress  with  a  much  greater 
number  of  troops  than  are  in  the  fortress  defending  it. 

Having  a  civilian  population,  what  are  we  to  do  with  it  1  The 
people  cannot  supply  themselves  for  a  siege  of  long  duration,  and  so 
will  eventually  have  to  be  fed.*  Shall  this  bo  done  without  a 
return  from  them  in  the  shape  of  labour  1  An  idle  popula- 
tion is  always  a  source  of  danger  and  disaffection.  They 
must,  as  far  as  possible,  be  kept  employed  at  their  own  trades, 
or  in  providing  for  the  wants  of  the  troops,  for  which  they  should 
bo  given  pay,  either  in  money  or  kind,  or  both. 

*  At  Metz,  1870,  ami  at  other  placcfl,  efforts  were  made  to  compel  the 
inhabitants  to  lay  in  provisions  and  fuel  for  several  months.  But  in  spite  of 
this,  the  civilian  population  had  to  be  rationed  in  time. 


Digitized  by  VjOOQ IC 


266 

One  of  the  secrete  of  a  successful  active  defence  lies  in  relieriBg 
the  troops  of  all  duties  that  can  be  performed  by  civilians  withiM 
these  latter  incurring  certain  danger,  and  in  assuring  to  the  troopB 
the  supply  of  all  the  necessaries  they  require  for  fighting  and  lifio^ 
The  troops  are  then  made  freer  to  undertake  offensive  operatioBi 
against  the  enemy,  especially  before  the  investment  is  completed. 

Many  of  the  civilian  male  population  can  be  enlisted  for  s^riee 
during  the  siege  and  trained  sufficiently  to  fill  up  the  gaps  that  oedBi 
in  the  ranks  of  the  regular  troops  through  death,  wounds,  and 
sickness. 

The  duration  of  the  defence  depends  on  the  strength  and  quaLitj 
and  spirit  of  the  garrison,  and  of  its  commander,  on  the  perfectkn 
and  state  of  readiness  of  the  fortifications  and  armament,  on  the 
amount  of  the  supplies,  warlike  and  otherwise,  contained  in  tlie 
place,  and  on  the  facilities  that  the  place  itself  affords  for  replenishiog 
the  expended  guns,  ammunition,  etc.  Consequently,  the  defence  of 
a  fortified  place  really  begins  in  peace  time,  because  it  is  in  peace 
time  that  the  mass  of  the  fortifications  must  be  completed;  guiis» 
ammimition,  food  and  stores  collected,  and  local  manufactories  and 
storehouses  for  these  established.  Care  must  be  taken  to  provide 
everything  that  is  required,  and  in  adequate  quantities.  A  deficiencT 
in  any  one  essential  article  may  cause  the  fall  of  the  fortress  even 
though  there  may  be  an  abundance  of  other  things  remaining.  The 
guns  need  not  all  be  mounted  in  position  in  peace  time,  nor  all  the 
ammunition  distributed  among  the  various  intermediate  and  exp^ise 
magazines,  but  they  should  be  within  the  place  on  the  outbreak  ot 
hostilities.  Also  important  places  should  have  facilities  provided 
for  the  manufacture  of  explosives  and  ammunition,  because  it  is  no( 
always  possible  to  foresee  the  expenditure  of  such  stores. 

Just  previous  to  hostilities,  the  fortified  places  would  become  Uie 
receptacles  of  an  immense  amount  of  stores  of  all  kinds,  especial]? 
if  they  are  in  the  vicinity  of  the  expected  scene  of  actual  fighting 
as  they  would  then  have  to  act  as  bases  of  supply  to  the  field  armies. 
But  such  a  quantity  of  these  stores  must  be  rigidly  set  apart  for  the 
use  of  the  total  garrison  and  civil  population  of  the  place  as  will 
be  sufficient  to  last  them  for  some  months.*  A  large  margin  must  be 
allowed  for  destruction  by  the  enemy's  shells,  for  deterioration, 
thefts,  fires,  the  support  of   prisoners  of  war,  and  for  any   extx% 

*  The  French  regulations  forbid  the  field  armies  drawing  in  any  way  on  any 
of  the  supplies  set  apart  for  the  use  of  the  fortress,  or  on  the  ^*  requisitMO 
zone  "  allotted  to  the  fortress. 
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troops  and  civilians^  that  may  possibly  become  shut  up  in  the 
fortress.  But  it  is  the  duty  of  the  commander-in-chief  of  the  field 
forces  to  prevent,  if  possible,  such  a  contingency  as  the  last  happening. 
AVhen  once  a  fortress  has  its  full  complement  of  troops,  all  extra 
troops  placed  in  it  are  a  double  source  of  weakness,  as  they  eat  up 
food  without  adding  materially  to  the  strength  of  the  place,  and 
their  absence  from  the  field  armies  weakens  the  latter. 

Every  fortified  place  is  placed  under  the  command  of  an  officer, 
called  the  Govbrnor,  who  is  nominated  by  the  Government  for  the 
purpose.  And  on  account  of  the  numerous  duties  alad  responsibili- 
ties that  fall  on  him,  it  is  very  necessary  that  he  should  organize  all 
the  various  elements,  military  and  civil,  under  his  command,  so  as 
to  make  them  all  aid  in  the  task  of  defending  the  place.  He  should 
be  accorded  full  legal  powers  for  this  purpose. 

Although  the  exact  methods  of  the  defence  will  depend  on  the 
methods  and  nature  of  the  attack — whether  this  latter  be  an  attempt 
at  surprise,  a  sudden  assault,  a  blockade,  an  investment  with  or 
mrithout  a  bombardment,  or  a  regular  siege — yet  the  Governor  has 
to  be  prepared  beforehand  for  either,  or  all,  of  these,  and  he  must 
accordingly  make  such  general  preparations  as  will  enable  him  to 
meet  all  contingencies. 

Before  considering  the  actual  organization  of  all  this  work,  we  must 
first  consider  more  in  detail  everything  that  is  required  to  be  done  for 
carrying  out  the  defence  of  a  besieged  fortress,  for  it  is  only  when  we 
have  done  this  that  we  can  decide  on  the  organization  of  the  means 
at  the  Governor's  disposal  to  meet  it. 

A  siege  is  nothing  more  than  a  battle  of  many  days'  duration,! 
and  during  which  time  each  side  makes  every  effort  to  take  every 
advantage  possible  that  can  be  derived  from  the  ground  naturally, 
or  by  industry  applied  to  altering  its  form.  While  this  prolonged 
battle  is  in  progress  the  troops  have  to  be  supplied  with  all  they 
want,  besides  being  fed,  sheltered,  and  given  rest.  We  will  now 
consider,  as  briefly  as  is  possible,  the  different  kinds  of  work  that 
have  to  be  carried  out  for  this  object. 

1.  InfaiUry  and  Cavalry  Work. — These  troops  have  to  carry  out 

*  At  Metz,  1870,  15,000  labourers  were  collected  and  employed  at  throwing 
ap  new  works.  These  men  and  Bazaine's  army  of  160,000  men,  besides  horses, 
were  enclofled  in  the  fortress  by  the  Germans,  and  as  no  proWsion  had  been 
made  for  them  they  only  hastened  the  fall  of  the  place  by  starvation. 

t  It  is  often  said  that  a  battle  is  only  a  siege  epitomized.  This  is  an  entirely 
wrong  aspect  of  the  matter,  and  the  writer  regrets  that  he  himself  has  made 
use  of  the  expression  in  his  work  on  InfmUry  Fire  Tactica. 
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the  outpost,  guard,  and  fatigue  services,  reconnaissances  ud 
foraging  expeditions,  and  furnish  working  parties  for  all  woAt 
that  have  to  be  constructed  in  the  immediate  presence  of  the  enemj. 

2.  Engineer  Work — The  engineers  have  to  arrange  for  the  «■■ 
pletion  and  strengthening  of  all  existing  incomplete  or  weak 
works;  the  laying  out  and  construction  of  new  works  (hatteiieB, 
magazines,  traverses,  casemates,  bombproof  cover  and  shelten^ 
redoubts,  field  works,  field  observatories,  etc.) ;  the  clearing  of  tiie 
field  of  fire  of  all  houses,  trees,  or  anything  that  will  assist  the 
enemy ;  the  preparation  of  villages  and  farms  in  the  line  of  defeoee 
to  resist  attack;  the  clearing  of  ditches;  the  construction  of  obsUdes; 
the  preparation  for  destruction  of  the  bridges,  etc.,  on  the  CDeni/i 
line  of  advance;  the  preparation  and  carrying  out  of  inundadom <n 
ground  likely  to  be  of  use  to  the  enemy ;  the  excavations  of  rnioff: 
the  maintenance  of  the  existing  internal  communications  (rail  or 
road),  and  the  construction  of  new  ones,  including  bridging  woii[; 
the  laying  and  working  of  electric  message  communicatioDs  and 
electric  search  lights ;  the  construction  of  barrack  and  hospital  aceos- 
modation;  the  provision  of  drinking  water  for  men  and  animals,  and 
of  water  for  a  number  of  other  purposes ;  the  erection  of  worksbopg 
and  storehouses  (expense,  intermediate,  and  main)  for  the  varioos 
administrative  departments;  the  maintenance, construction  and  sups 
vision  of  sanitary  works;  the  defence  of  any  existing  waterways bj 
barriers  and  torpedoes;  the  perfecting  of  the  movement  of  water iu 
the  ditches  of  works  when  necessary ;  the  calculation,  collection  aod 
storage  of  tools,  materials,  and  means  for  effecting  repairs  and  coih 
structing  works ;  the  calculation,  collection  and  organization  of  the 
necessary  labour,  etc.,  etc. 

3.  ArtUlery  IFork — The  artillery  will  have  to  carry  out  tk 
arming  of  the  forts  and  batteries;  the  mounting  of  the  various  \isk 
of  ordnance ;  the  filling  of  the  magazines  (expense,  intermediate,  and 
main);  the  preparation  and  issue  of  ammunition ;  the  preparations  for 
observing  the  effects  of  the  artillery  fire;  the  measurement  of  rangtfi 
etc.,  etc. 

4.  Transport  of  Supplies  to  the  Front, — All  the  above  heavy  work, 
dealing  with  materials  that  are  liable  to  be  damaged  (guns,  revets 
ments,  etc.)  or  are  being  constantly  consumed  (ammunition,  etc.),  and 
which  must  be  repaired  or  replaced,  will  require  a  correspondins 
large  amount  of  transport.  Besides  this,  food,  water,  fuel,  and  otber 
supplies  will  have  to  be  continuously  brought  to  the  front,  and  akk 
and  wounded  carried  to  the  rear.     Hence  many  men  are  requu^ 
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for  this  transport  work  and  for  the  loading  and  unloading  it 
entails. 

Further,  as  the  Grovemment  transport  will  not  be  in  any  way 
sufficient  for  the  above  work,  all  the  vehicles  and  draught  animals 
in  the  place  and  its  vicinity  must  be  enrolled,  collected,  organized 
into  unite,  and  told  off  to  the  respective  duties  that  they  will  have  to 
perform  in  carrying  out  the  transport  service  from  the  parks  and 
dep6t8  in  roar  to  the  front  and  the  carriage  of  wounded  to  the  rear. 
This  entails  the  grouping  of  the  requisitioned  transport  at  certain 
selected  points  or  Transport  Stations^  which  must  be  capable  of  being 
furnished  with  drinking  water,  and  have  quarters  for  the  drivers, 
and  stables  or  sheds  and  forage  stores  near  at  hand  to  ensure  a 
regular  stable  service  being  carried  out.  In  connection  with  this 
kind  of  transport  service  it  will  be  necessary  to  provide  workshops 
for  the  manufacture  and  repair  of  saddlery,  vehicles,  etc.,  and  forges 
for  shoeing  the  animals. 

Any  existing  rail  or  water  communication  from  the  rear  to  the 
front  would  also  be  made  use  of  for  this  transport  service,  but  the 
work  would  fall  on  engineer  officers,  and  will  be  referred  to  again 
presently  under  a  separate  heading. 

5.  Transport  of  Wounded  to  the  Rear, — It  is  very  necessary  to 
establish  a  large  number  of  stretcher-bearer  companies  and  ambulances 
to  prevent  the  fighting  troops  having  to  carry  their  own  wounded  to 
the  rear.  The  companies  and  ambulances  would  be  quartered  near 
the  *'  first  dressing  stations ''  in  the  defensive  line.  As  a  siege  is  a 
prolonged  battle,  the  work  of  these  companies  and  ambulances  will 
be  very  constant. 

6.  The  Communication  Service, — The  service  of  the  rail,  tram,  and 
water  transport  communications  within  the  area  of  the  fortress  is  a 
very  important  matter,  as  it  will  enormously  reduce  the  number  of 
workmen,  vehicles,  and  transport  animals  required  for  a  purely  road 
communication.  Wherever  possible,  radial  railways  and  tramways 
should  connect  the  various  central  artillery  and  engineer  parks,  main 
magazines,  and  supply  depdts  with  the  outermost  line  of  the  defence — 
this  in  addition  to  a  circular  railway  connecting  the  outlying 
detached  forts  with  one  another.  This  work  should  be  mainly 
done  in  peace  time,  and,  where  possible,  the  lines  should  be  so 
located  as  to  make  it  difficult  for  the  enemy  to  hit  them.  Other- 
wise we  can  only  have  a  night  service  on  those  parts  of  the  lines 
near  the  fighting  position.  Sometimes  these  lines  can  be  used  for 
firing  guns  mounted  on  suitable  wagons;  then  thede  guns  can  be 
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moved  from  point  to  point  as  required.    If  there  is  any  cbanee  at 
the  steam  and  smoke  of  the  engines  betraying  their  position  id 
movement  to  the  enemy,  then  horses  can  be  used  as  the  motif? 
power.     If  possible,  the  railway  stations  and  yards  should  be  inak 
the  town  that  is  to  be  protected,  so  as  to  avoid  having  to  constract 
special  defences  for  them,  for  anything  requiring  such  special  defaKS 
is  a  disadvantage,  as  it  increases  the  number  of  detached  works,  v^ 
necessitates  a   more   numerous  garrison.     Every  terminal   statka 
possesses  much  material — rails,  locomotives,  carriages,  cars,  took^ 
etc. — which  must  be  protected  from  seizure  by  the  enemy,  and  fc^ 
for  the  use  of  the  defence.     In  maritime  places  the  sea  front  would 
receive  assistance  from  the  Navy,  which,  if  supreme  at  sea>  wooM 
keep  the  place  supplied  during  the  siege  with  all  it  required.     Bat 
as  the  fleet  will  usually  be  absent,  a  service  of  water  surveiUaoce 
should  be  established  by  organizing  a  small  flotilla  of  guard  boats. 
To  permanently  block  the  channel  of  approach  or  entry  to  a  sea-poit 
is  not  always  wise,  and  here  torpedoes  (fixed  or  mobile)  and  booiQ^ 
or  floating  barriers  well  under  gun-fire,  come  into  play  for  liis 
purpose.      Where  a  river  or  canal  passes  through  the  fortress,  it 
must  be  bridged  at  several  points,  and  the  waterway  be  doselj 
watched,  both  up  and  down  stream,  to  prevent  the  enemy  gettii^ 
access  to  the  place  by  it.     Here  again  it  is  often  wiser  to  guard  tbe 
stream  by  means  of  gunboats,  barriers,  and  torpedoes  placed  und<f 
gun-fire  of  land  batteries  than  by  permanently  blocking  the  channd 
by  means  of  sunken  ve  sels  or  other  obstructions.     The  above  woib 
would  be  placed  under  the  charge  of  engineer  ofl&cers,  except  wha 
naval  officers  are  available,  who  would  be  utilized,  when  available, 
to  carry  out  the  water  surveillance  in  order  to  reduce  the  heavj 
work  that  falls  on  the  engineers  of  the  defence. 

7.  The  Transmission  of  Messages  and  Orders, — The  service  of  Q» 
message  communications,  whether  by  telegraph,  telephone,  signals, 
or  messengers,  is  one  of  very  great  importance.  The  telegraph  aod 
telephone  are  means  eminently  suited  to  place  the  Governor,  on  whooi 
the  defence  of  the  whole  fortress  rests,  in  rapid  communication,  not 
only  with  the  heads  of  his  administrative  departments  and  local 
commanders,  but  also  with  each  of  the  detached  forts  and  groups  d 
batteries.  For  this  purpose  it  is  very  necessary  that  subterranean 
wires  should  be  laid  to  prevent  their  being  injured  by  the  enemj'i 
projectiles.  There  should  be  an  ample  supply  of  instruments  in 
store,  so  that  a  damaged  instrument  can  be  rapidly  changed  and 
repaired   afterwards  at  leisure.      Although  many  trained  civilians 
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are  now  to  be  found  in  every  large  town  capable  of  putting  up  and 
repairing  telegraphic  and  telephonic  lines  and  instruments,  yet  there 
is  a  great  difficulty  in  procuring  trained  telegraph  operators,  who 
require  years  of  work  to  attain  to  any  efficiency.  A  wrongly  sent 
message  may  be  more  disastrous  than  no  message  at  all.  Conse- 
quently, it  may  be  of  use  to  have  in  store  a  number  of  instruments 
of  such  a  kind  as  can  be  fairly  accurately  used  by  partially  trained 
operators.  Flag  signallers  can  be  easily  trained  in  a  short  time. 
Signalled  messages  can  also  be  sent  by  throwing  an  electric  light  on 
distant  objects,  or  by  lamps. 

8.  Powder  Magazines  and  Laboratories, — The  service  of  the  powder 
magazines  and  laboratories  always  forms  a  heavy  tax  on  the  labour 
power  of  the  artillery,  because  such  work  must  be  carried  out  by 
trained  artillerymen,  who  understand  the  management  and  methods 
of  storage  and  issue  of  ammunition  and  explosives. 

9.  The  ArtiUery  Park. — ^The  service  of  the  artillery  park  in  a 
besieged  place  is  a  work  that  demands  gre^t  activity  and  self-denial. 
The  duties  are  manifold,  being  both  administrative  and  executive. 
They  comprise  the  charge  of  books,  accounts,  store  ledgers;  the  care 
and  issue  of  guns,  carriages,  ammunition,  powder,  explosives,  shells, 
etc.  This  park  should  also  possess  workshops  for  the  repair  of 
damaged  gun  carriages  and  other  articles  used  by  the  artillery. 

10.  Gun  and  Shell  Foimdry, — It  is  very  important  to  establish  in 
every  defended  fortress  a  gun  and  shell  foundry,  and  also 

11.  Powder  Factory, — A  manufactory  for  powder  and  other  explo- 
sives. 

Those  last  two  kinds  of  work  have  frequently  been  established 
during  celebrated  sieges  in  order  to  enable  the  defence  to  be  prolonged. 
The  supply  of  guns  and  ammunition  ordered  for  the  garrison  may 
have  been  under-estimated,  or  not  have  been  collected  in  time,  or 
much  of  it  may  have  been  destroyed  by  the  enemy's  fire.  Conse- 
quently these  manufactories  should  always  be  established  as  soon  as 
possible,  however  small  the  turn-out  may  be.  Many  cases  occur  in 
history  of  the  decisive  influence  on  the  course  of  a  war  of  even  pro- 
longing the  defence  for  a  single  day. 

1 2.  The  Engineer  Park,  — The  service  of  the  engineer  park  is  also  one 
of  the  greatest  labour  and  self-denial.  On  the  engineers  fall  all  the 
works  of  the  defence  and  of  the  communications,  and  consequently 
the  multitudinous  kinds  of  work  that  have  already  been  enumerated. 
All  the  materials  (especially  sandbags,  rails,  and  wood  and  brush- 
wood of  all  kinds)  necessary  for  the  execution  of  these  works  should 
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be  collected,  prepared,  and  stored,  with  the  greatest  care,  before  tk 
arrival  of  the  enemy,  so  as  to  be  able  to  carry  oat  the  woifa 
without  loss  of  time  at  the  moment  of  need.  Also,  the  number  d 
workmen  required  has  to  be  estimated  and  arranged  for,  and  iht 
time  in  which  each  kind  of  work  can  be  done  should  be  calcukscd. 
All  these  works  require  careful  organization  and  allotment  to  distai^t 
officers,  who  must  be  responsible  for  their  execution.  In  addition  to 
all  the  executive  work,  there  is  the  keeping  of  books,  accoontfi, 
store  ledgers,  etc.  To  the  engineer  park  there  must  be  attadiad 
various  workshops,  for  sawing  timber,  carpentry,  ironwork,  etc,  etc. 
These  shops  require  fitting  up. 

13.  The  Water  Supply, — The  supply  of  water  in  adequate  quaiiii- 
ties  is  a  veiy  serious  consideration  in  every  defended  place,  and  ikk 
work  devolves  on  the  engineer  officers,  who  must  make  ample  prepon- 
tions  for  its  safe  collection,  storage  and  distribution,  and  look  to  tb 
means  for  preventing  its  being  wasted.  The  supply  required  miui 
be  sufficient  in  case  of  need  for  the  cooking,  drinking  and  washii^ 
requirements  of  all  the  troops  and  civil  population,  for  all  the  tran- 
sport and  slaughter  animals,  and  for  the  requirements  of  all  tk 
various  firorkshops,  steam  engines,  and  sanitary  work  of  the  place. 
In  some  cases  the  supply  of  water  for  drinking  and  cooking  purposes 
will  have  to  be  separate  from  that  required  for  all  other  purposes. 
If  necessary,  storage  tanks  and  cisterns  of  adequate  capacity  must  be 
prepared  and  placed  in  safe  situations. 

The  provision  of  water,  so  necessary  to  support  life,  must  be 
assured  in  a  besieged  place  under  all  circumstances.  If  the  supph 
is  at  all  limited  the  utmost  economy  must  be  exercised,  and  a  rigsi 
control  placed  on  its  consumption.  For  this  purpose  the  work  tt 
breweries,  distilleries,  etc.,  or  other  places  using  water  to  manu- 
facture things  not  absolutely  necessary  to  life,  would  be  stopped. 

The  sources  of  water  supply  from  the  rivers  or  wells  supplyiii^ 
the  whole  fortress  to  the  supply  cisterns  in  a  fort  should  be 
protected  from  capture  by  the  enemy,  and  from  all  possible  sources 
of  pollution.*  If  there  is  any  danger  of  the  enemy  cutting  off  the 
existing  water  supply,  new  means,  secure  from  his  efforts,  must  be 
devised  for  getting  water. 

•  In  1870,  at  Metz,  the  Germans  captured  the  main  source  of  the  supptrof 
drinking  water  of  the  town,  and  in  consequence  of  this  the  impure  river  wiw 
had  to  be  used,  which  produced  much  sickness.  At  Phakburg  the  Germaie, 
when  digging  their  trenches,  came  across  the  main  water  supply  plpe^  wiiiA 
they  cut,  causing  much  inconvenience  to  the  defence. 
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14.  The  Cimmissairiai*  Depdi-^A  large  commissariat  depAt  will 
have  to  be  fonned  to  hold  very  great  quantities  of  food  and  forage 
erf  all  kinds,  fuel  and  lighting.  Attached  to  this  depdt  there  will 
have  to  be  com  mills,  bakeries,  cattle  yards,  slaughter  houses,  butcher 
shops,  etc.,  for  corn  will  have  to  be  ground,  bread  baked,  meat 
animals  fed  and  watered  previously  to  being  slaughtered  and  cut  up 
for  distribution. 

It  is  an  open  question  whether  the  commissariat  depdt  should  not 
also  undertake  the  cooking  of  all  the  food  issued,  in  which  case  cook- 
houses would  have  to  be  organized.  Food  and  fuel  have  to  be  taken 
out  to  the  troops,  and  it  may  be  as  well  to  take  the  former  to  them 
cooked  (while  being  kept  warm  in  suitable  vessels),  so  as  not  only  to 
save  transport  and  waste  of  fuel,  but  also  to  lighten  the  labours  of  the 
troops,  and  to  reduce  the  number  of  men  taken  from  the  ranks  for 
cooking  duties.  Well  cooked  and  warm  food  is  very  essential  to 
health  and  the  maintenance  of  moral  force.  It  is  well  known  how 
the  physical  condition  affects  the  moral  condition. 

The  provision  of  supplies  is  perhaps  the  most  serious  duty  lying 
on  the  Governor.  Doubtless  it  is  a  great  military  virtue  to  know 
how  to  bear  privations,  but  then  it  is  necessary  that  these  privations 
should  be  the  result  of  the  force  of  circumstances,  and  not  of  a  bad 
administration,  ill-placed  parsimony,  and  want  of  foresight.  Any- 
how, it  is  a  military  virtue  which  should  not  be  relied  on,  and  it  is 
necessary  to  take  every  precaution  to  ensure  the  soldier  being  always 
fed  and  kept  provided  with  all  he  wants ;  much  more  can  then  be 
demanded  from  him. 

Beside  the  artillery  and  engineer,  and  ordnance  store  supplies, 
usually  obtainable  only  from  the  Government  factories  and  work- 
shops, the  supply  to  be  provided  comprises  food  of  various  kinds 
for  men,  forage  for  the  transport  and  the  slaughter  animals,  solid 
and  liquid  fuel  for  all  kinds  of  heating  and  lighting  piu*poses,t  and 
a  whole  host  of  various  other  objects. 

The  history  of  every  prolonged  siege  shows  the  vast  importance  of 
taking  the  greatest  care  to  provision  a  place  with  regard  to  both 
quantity  and  quality. 

As  regards  quantity,  the  supplies  must  be  calculated  for  the  total 
number  of  people  and  animals  to  be  fed  for  a  period  exceeding  the 

*  This  now  more  or  less  obsolete  word  is  used  here  to  distinguish  between  the 
commissariat  or  snpply  and  the  transport  work  of  the  Army  Service  CnriMi. 

+  Cookine,  heating  water»  raising  steam  in  engines,  manufacture  of  gaa, 
lighting  of  uunpsj  etc 
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probable  duration  of  the  siege,  for  mach  of  the  provision  may  dd* 
teriorate,  be  stolen,  or  destroyed. 

As  regards  quality,  all  provisions  should  be  of  the  standard  tint 
the  soldiers  of  the  garrison  are  accustomed  to,  and  should  give 
variety.  A  certain  amount  of  a  better  class  of  food  is  required  f« 
the  sick  and  convalescent.*  We  ought  not  to  expect  troops  to 
feed  on  dead  horses,  donkeys,  cats,  dogs,  rats,  and  mice,  or  a 
boiled  skins,  leather,  and  even  corpses.  The  honourable  fediii^ 
that  induces  the  soldier  to  support  all  privations,  surmount  il! 
fatigues,  and  sacrifice  his  life,  shoidd  not  be  degraded  and  sullied  k 
his  being  forced  to  take  part  in  deeds  of  barbarism  and  cannibalisa 

There  is  no  need  to  make  anything  but  a  superficial  search  n 
history  to  find  out  that  the  most  frequent  cause  of  the  capitok- 
tion  of  fortified  places  is  the  want  of  food.  Metz,  Paris,  a&i 
Plevna  all  fell  from  this  cause,  even  though  after  great  prin- 
tions  had  been  endured.  And  it  will  be  seen  that  in  most  cas@ 
the  same  faults  have  always  been  made,  viz. :  (1),  ima^iiig 
that  the  fortress  could  not  be  attacked  so  promptly  as  eveots 
proved  could  be  done;  and  (2)  numbers  of  troops  and  civilians 
were  at  the  last  moment  shut  up  in  the  fortress,  for  i^hoa 
no  provision  had  been  made.  Large  places  cannot  be  pr^ 
visioned  rapidly.  Time  is  required  for  this,  and  the  amount  d 
provisions  collected  should  be  such  as  will  meet  unexpected  bean 
calls  on  it.  Fortresses  near  the  frontiers  should  be  provisioned, 
even  in  peace  time,  with  such  stores  as  are  but  slowly  perishable, 
the  peace  garrison  gradually  consuming  them,  and  their  being  u 
gradually  replaced  by  fresh  stores.  Wars,  nowadays,  are  rapidly 
carried  out,  arid  important  and  decisive  battles  will  quickly  follow 
one  another ;  and  for  an  unprepared  nation,  one  great  cheek  to 
this  rapid  advance  is  the  resistance  of  the  frontier  fortresses,  and 
this  resistance  can  only  be  ensured  by  an  adequate  provisioning 
being  assured,  and  that  for  a  sufficiently  long  duration  of  siegt 
Many  Continental  writers  think  that  a  year's  supply  should  be 
provided,  but  such  a  prolonged  land  warfare  could  hardly  occur  oa 
English  soil  in  view  of  our  insular  position.  In  any  case,  it  is  better 
to  have  too  much  than  too  little  food.  We  must  always  allow  fcff 
losses  from  waste,  fire,  theft,  deterioration,  etc.,  and  for  unexpecWi 
consumption  arising  from  the  arrival  of  defeated  troops,  prisoners  of 

.   ♦  Or  fresh  meat  con  be  kept  for  the  sick,  and  salted,  tinned  and  dried 
foods  for  those  who  are  in  good  health. 
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war,  passing  troops  in  real  want  of  food,  etc.  And  whatever  steps 
may  have  been  taken  to  make  the  civil  population  lay  in  food  and 
fuel  for  themselves,  and  to  prevent  the  population  of  the  surround- 
ing country  from  taking  refuge  within  the  fortress,  yet  after  a  certain 
time  it  will  be  found  that  aid  will  have  to  be  given  to  them. 

The  supplies  collected  should  also  be  placed  under  shelter  from 
the  enemy's  projectiles,  from  fire,  from  deterioration,  and  from  theft 
and  waste.  The  store-houses  should,  when  possible,  consist  only 
of  a  cellar,  and  a  ground  floor  of  little  height  These  store-houses 
should  be  built  as  far  as  possible  of  inflammable  materials,  and 
should  be  separated  from  one  another  so  as  to  prevent  a  fire  in  one 
spreading  to  the  others.  Pits  can  be  used  for  the  preservation  of 
certain  supplies,  such  as  grain,  potatoes,  roots,  rice,  peas,  etc. 
Succulent  fodder  for  transport  and  other  animals  can  also  be  pre- 
served for  a  very  considerable  time  in  silos.  Luxuries  such  as 
cofiee,  tea,  sugar,  pepper,  salt,  vinegar,  tobacco,  etc.,  should  always 
be  collected  in  ample  quantities.  Great  care  must  be  exercised  in 
selecting  the  sites  for  storing  combustible  matters  and  in  their 
storage. 

The  herds  of  cattle  destined  for  food  must  be  kept  in  good  order, 
and  so  must  be  fed,  watered,  kept  clean,  and,  if  possible,  sheltered 
from  the  weather.  Regular  yards  and  sheds  must  be  constructed 
for  these  with  proper  drainage,  and  regular  cattlemen  and  watch- 
men appointed  to  feed  and  water  the  cattle  and  to  prevent  their 
being  stolen. 

Further,  in  order  to  have  fresh  vegetables  in  the  place,  at  any  rate 
for  the  hospitals,  all  gardens  should  be  cultivated  as  kitchen  gardens 
by  the  gardeners  living  in  the  garrison. 

Of  late  years,  the  intix)duction  of  refrigerating  or  cold  storage 
chambers,  sterilized  milk,  canned  and  dried  foods,  fruits,  and  vegetables, 
etc.,  has  done  away  with  the  necessity  of  keeping  and  feeding  and 
watering  large  herds  of  live  stock  for  food  and  milk,  and  procuring 
forage  and  grain  for  them.  But  we  can  only  gain  this  advantage 
if  the  proper  measures  have  been  taken  in  peace  time. 

The  ample  provision  and  safe  storage  of  fuel  («.^.,  coal,  wood,  oil, 
etc.),  for  cooking,  heating,  and  drying,  as  well  as  for  workshops, 
engines,  etc.,  is  also  a  vital  point;  and  further,  in  case  gas  or  elec- 
tricity should  fail,  means  for  lighting  streets  and  houses,  whether  by 
candles,  lamps,  wicks,  oil,  matches,  etc.,  must  be  collected  and  stored. 

The  commissariat  department  has  thus  a  very  heavy  task  laid 
on  it  to  gather  supplies  of  all   kinds  in  adequate  quantities — 

t2 
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fleth,  flour,  biseoit,  vegetables,  straw,  hay,  roots,  tea,  ooSBe, 
sugar,  salt,  pepper,  milk,  tobacco,  coal,  wood,  etc.  Many  of  tbese 
can  be  in  the  form  of  tinned,  salted  and  dried  provisions,  vnd 
milk  can  now  be  supplied  sterilized  for  the  sick,  and  which  will  keep 
for  months  in  that  form.  But  many  departments  would  have  their 
own  stores  of  coal,  etc.,  for  their  own  special  work,  e,g.f  the  work- 
shops and  gas  works  under  the  engineers,  the  workshops  for  the 
transport  and  artUlery,  etc.,  which  will  relieve  the  work  of  the 
commissariat  department  to  a  corresponding  extent. 

If  the  civil  population  has  to  be  fed  from  the  commissariat  stores, 
arrangements  will  have  to  be  made  for  this,  either  by  opening  shops 
from  which  they  can  purchase  the  things  they  require,  or  by  issuing 
regular  rations  at  various  centres  without  payment  This  latt^ 
system  seems  to  be  the  fairest,  as  the  civil  population  are  suflTeriig 
the  perils  and  discomforts  of  a  siege  for  the  benefit  of  the  nation.  Bat 
whatever  is  going  to  be  done  in  this  respect  should  be  decided  on  in 
peace  time,  and  adeqiutte  arrangements  made  to  meet  it 

15.  The  Ordnarice  Store  Depdt, — ^The  work  in  the  ordnance  store 
depdt  will  be  heavy.  These  stores  have  to  be  obtained  from  the 
Grovemment  manufacturers,  contractors,  and  arsenals  before  the 
place  is  invested  But  as  constant  repairs  of  the  war  materials 
in  use  will  be  required,  this  depdt  should  have  the  necessary  work- 
shops for  carrying  out  these  repairs.  The  work  of  repairs  is  one 
requiring  the  employment  of  trained  men,  and  it  is  best  to  collect 
in  these  workshops,  during  the  siege,  the  armourers  of  the  differ- 
ent units.  It  must  not  be  forgotten  that  ample  quantities  are  always 
required  of  such  stores  as  matches,  pipes,  rope,  string,  drawing  instru- 
ments, paper,  ink,  pens,  pencils,  etc. 

16.  The  Clothing  Department. — In  a  besieged  place  a  special  cloth- 
ing department  would  have  to  be  established,  which  would  arrange 
for  the  large  supply  of  clothing,  socks,  blankets,  buttons,  and  boots  re- 
quired during  the  siege,  and  for  repairs.  Cloth,  li'ien,  flannel,  leather, 
thread,  needles,  etc.,  will  have  to  be  procured  and  stored  in  ample 
quantities.  This  department  might  also  be  made  to  undertake  the 
washing,  mending,  and  darning,  etc.,  of  clothes.  For  these  purposes 
the  necessary  workshops  for  tailors  and  bootmakers,  and  washhouses 
with  drying  places,  would  have  to  be  arranged  for. 

17.  The  Shelter  Accommodatum  for  the  Soldier.—  It  is  very  impo^ 
tant  to  try  and  procure  for  the  soldier  the  greatest  amount  of  comfort 
possible,  as  well  as  to  endeavour  to  lighten  his  duties.  For  this  purpose 
it  is  necessary  that  every  soldier  who  devotes  his  person  ^nd  life  to 
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the  defence  should  find  a  lodging  capable  of  sheltering  him  from 
weather  and  projectiles.  When  these  conditions  are  not  fulfilled 
the  troops  soon  come  to  an  end  of  their  physical  strength,  and  lose 
all  their  moral  force.  To  divide  the  garrison  into  three  equal  parts, 
one  for  duty  under  arms,  one  for  fatigue  duty,  and  one  for  repose, 
and  then  to  only  provide  shelter  for  the  last  named  third  has  been 
proposed  by  some  unreflecting  writers,  who  e\idently  are  unacquainted 
with  the  true  conditions  of  a  soldier's  life  during  a  siege,  for  fatigue 
duty  cannot  last  for  24  hours  without  interruption.  To  get  the  best 
results  it  is  indispensable  to  arrange  that,  as  far  as  possible,  the  same 
man  will  always  have  the  same  place,  and  this  for  several  reasons, 
amongst  which  are  that  it  enables  the  soldier  to  make  himself  com- 
fortable, enables  better  hygienic  care  to  be  observed  and  the  shelter 
to  be  kept  clean,  facilitates  control,  and  prevents  the  development  of 
contagious  diseases.  It  must  be  remembered  that  the  soldier  on 
returning  from  many  of  his  duties  comes  back  quite  tii*ed  and  over- 
excited by  the  dangers  he  has  just  been  through,  and  all  should  be 
done  to  restore  him  to  his  normal  condition.  The  different  kinds  of 
shelter  that  can  be  made  use  of  are  (1)  bomb-proof  casemates ; 
(2),  barracks ;  (3),  tents  or  huts ;  and  (4)  private  houses. 

Bomb-proof  casemates  are  not,  as  a  rule,  sufficiently  numerous  to 
do  more  than  provide  for  the  artillerymen  working  the  guns  near 
them.  Field  casemates  are  not  bomb-proof,  but  they  can  often  be 
placed  in  positions  where  the  enemy  cannot  see  them,  and  who,  there- 
fore, will  not  try  to  hit  them.  The  wars  of  1870-71  and  1^77-78 
show  the  absolute  necessity  of  a  very  large  provision  of  bomb-proof 
cover,  if  even  only  strong  enough  to  resist  the  splinter  of  bursting 
shells. 

Barracks  are  of  no  use  as  a  protection  against  shells,  and  are  only 
safe  when  built  in  or  near  the  town,  out  of  reach  of  the  enemy's 
projectiles,  and  are  not  of  too  large  a  size.  But  barracks  are  not 
usually  built  for  accommodating  the  war  strength  of  a  garrison. 

When  tents  or  huts  ai-e  used  for  giving  shelter  to  the  troops,  they 
must  be  placed  where  the  enemy  cannot  see  them.  But  their  loca- 
tion may  be  betrayed  by  deserters,  spies,  or  by  the  replies  obtained 
from  prisoners.  White  tents  should  never  be  used;  they  should  be 
stained  or  tarred.  Encamping  troops  is  to  be  avoided  whenever 
possible. 

The  worst  way  of  putting  the  soldier  under  shelter  is  to  billet  him  on 
the  inhabitants,  for  he  is  then  usually  badly  lodged,  and  continually 
hears  wishes  expressed  for  surrendering  the  fortress,  and  his  chiefs  : 
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orders  continually  blamed,  while  he  is  also  frequently  exposed  to  all 
the  seduction  of  revolutionary  politics.  Further,  the  maintenance  cm 
control  over  billetted  soldiers  is  very  difficult.  Consequently  the 
best  way  to  make  use  of  private  houses  is  to  turn  the  inhabitants 
out  of  a  suitable  block  of  houses,  billetting  them  on  other  inhabi- 
tants, and  then  organizing  the  emptied  houses  as  barracks.  This 
is  also  perhaps  the  best  of  the  various  means  usually  available  i<e 
sheltering  the  soldier,  when  sufficient  bomb-proof  cover  is  not  avaii- 
able  for  all.  If  any  number  of  the  inhabitants  have  been  expelled 
from  the  town  (see  p.  295)  then  there  will  be  no  difficulty  in  obtaining 
house  shelter  for  a  considerable  portion  of  the  troops. 

18.  The  Hospital  Accommodation  for  the  Sick  and  the  JVoundeL— 
The  medical  work  during  a  siege  is  a  very  important  subject  indeed, 
for  the  work  will  be  a  very  heavy  one,  and  the  moral  of  the  troops 
will  depend  very  much  on  how  it  is  carried  out.  In  past  sieges  many 
times  more  men  have  died  in  hospital  than  in  action  on  account  of  bad 
organization,  and  for  want  of  proper  shelter,  food,  medicines,  docton^ 
etc. ;  a  collection  of  sick  and  wounded  under  such  circumstances 
almost  always  breeds  fevers,  epidemics,  etc.*  Before  everything,  it  is 
necessary  to  separate  the  patients  according  to  their  diseases,  which 
means  the  establishment  of  at  least  three  or  four  distinct  medical 
centres — one  for  contagious  diseases,  one  for  serious  wounds,  one  for 
light  wounds  and  men  only  slightly  ill,  and  one  for  other  cases,  sudi 
as  itch,  venereal,  etc.  In  addition  to  this,  reserve  hospitals  are 
required  in  the  event  of  its  being  found  necessary  to  cleanse  and 
disinfect  the  buildings  of  any  one  of  the  other  hospitals.  Further, 
special  hospitals  are  required  for  civil  prisoners  and  prisoners  of  war. 
It  is  very  important,  as  the  wars  of  late  years  have  shown,  that  the 
hospitals  should  be  placed  in  places  safe  from  being  injured  by  the 
enemy's  projectiles;  in  many  cases  bomb-proof  cover  has  had  to  be 
provided  for  them,  but  these  are  hard  to  ventilate  properly,  t 

From  a  hygienic  point  of  view,  several  smaller  hospitals  are  better 
than  a  big  one.     But  each  of  these  hospitals  require  both  male  and 

*  See  Appendix  I.,  p.  311,  for  the  worst  case  of  the  effect  of  an  insufficieiicj 
of  hospital  and  medical  arrangements  that  the  writer  has  met  with.  The 
accounts  of  the  sufferings  of  the  Turkish  sick  and  wounded  in  Plevna,  1877,  are 
also  very  heartrentling. 

t  The  conditions  which  siege  hospitals  should  fulfil  are,  according  to 
General  Von  Kamptz :  (1),  they  should  be  sheltered  from  the  direct  and 
vertical  fire  of  the  enemy  ;  (2),  be  incombustible  ;  (3),  have  only  a  cellar  ai^ 
ground  floor  ;  (4),  have  their  accessory  buildings  isolated  from  them  ;  and  (5) 
Aave  their  doors  and  windows  provided  with  iron  shutters  or  gratings  to 
jproteot  them  from  projectiles. 
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female  help — ^men  to  do  the  hard  and  unpleasant  work,  and  women 
to  do  the  nursing,  cooking,  etc.  If  we  study  the  accounts  of  the 
sieges  of  the  past,  the  number  of  patients  that  have  to  be  cared  for 
at  one  time  may,  in  a  siege,  amount  to  one-third  of  the  garrison. 
Consequently  we  see  that  a  good  hospital  organization  in  a  fortress 
requires  a  considerable  personnel  and  collection  of  materiel,  which 
must  be  prepared  for  in  peace  time,  like  most  things  in  war. 
On  the  military  doctors  will  fall  also  the  responsibility  of  pi-o- 
Guring,  before  the  appearance  of  the  enemy,  a  full  and  ample  supply 
of  all  the  medical  stores,  drugs,  disinfectants,  bandages,  and  com- 
forts likely  to  be  required  for  the  probable  duration  of  the  siege. 

Besides  the  hospitals,  there  will  have  to  be  formed  the  first 
dressing  stations,  and  ambulances  and  stretcher-bearer  companies 
for  bringing  in  the  sick  and  wounded  from  the  front,  that  have 
already  been  spoken  of. 

So  important  is  this  hospital  service  that  whatever  belongs  to  it 
should  be  submitted  to  a  strict  and  severe  supervision.  Ihis 
supervision  should  be  first  exercised  by  the  Governor  and,  under 
him,  by  a  Board  of  Health,  which  will  be  referred  to  again  later 
on  (see  p.  304). 

The  clergy  and  officers  should  be  allowed  at  all  times  to  visit  the 
men.  It  is  very  necessary  indeed  that  officers  should  make  it 
a  point  of  honour  to  have  at  all  times  the  greatest  solicitude  for 
those  under  their  direct  command,  and  for  this  reason  they  should 
always  visit  their  men's  quarters  before  and  after  they  have  gone  to 
re.st,  and  also  visit  them  when  in  hospital,  or  ih  prison,  etc.  For  the 
care  that  an  officer  takes  in  the  welfare  of  his  men,  and  in  sparing 
them  all  possible  privations,  awakens  and  strengthens  their  confi- 
dence in  him,  and  forms  an  indissoluble  tie  between  them  in  time  of 
danger,  while  at  the  same  time  it  is  a  powerful  means  of  preventing 
abuses. 

19.  The  Disposal  of  Dead  Persons  and  Animals, — The  proper  burial 
of  dead  persons  is  of  the  greatest  importance  to  the  health  of  a  be- 
sieged place,  and  it  is  very  necessary  to  organize  a  service  for  the 
burial  of  the  dead  and  to  control  this  service  rigidly.^  During  the 
continuance  of  the  siege,  all  burials,  civil  and  military,  should  be 
carried  out  as  quietly  as  possible.  Lists  of  the  dead  should  be  made 
out  and  sent  to  the  Towji  Major  t  for  register.     Burial  places  are  also 

*  See  Appendix  L 

t  An  officer  on  the  staff  of  the  Town  Commandant  (see  p.  303). 
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required  for  dead  auimals;  but,if  possible  they  should  be  cremated,ud 
all  garbage  and  slaughter-house  refuse  burnt  as  velL  Much  sulm- 
quent  sanitary  work  is  saved  by  disembowelling  dead  animals  ud 
burning  the  entrails  only ;  the  bodies  of  the  animals  need  not  tiies 
be  buried  so  deeply.  If  any  of  the  burial  places  cause  disease  from 
putrid  exhalations,  then  there  must  be  no  hesitation  in  applying 
caustic  lime  to  the  graves  at  the  time  of  burial,  or  even  in  canying 
out  the  cremation  of  the  dead.  In  the  late  Chitral  Campaign,  porta- 
ble incinerators  were  used  with  success  for  burning  the  bodies  of 
dead  animals  and  camp  refuse. 

20.  The  Saniidtion  of  the  Place, — Here  again  is  a  subject  of  the 
greatest  importance.*  It  includes  everything  affecting  the  health  of 
the  soldier — the  state  of  his  person  and  clothing,  his  quarters,  his 
food,  his  surroundings,  the  disposal  of  sewage  and  garbage,  etc  Thk 
work  must  be  entrusted  to  a  Board  of  Health,  whose  duty  it  will  be 
to  inspect  at  any  time  the  housing  of  the  troops,  the  hospitals,  the 
quality  and  quantity  of  food  issued  and  supplied,  the  feeding  of  the 
soldiers,  the  preparation  of  their  food,  the  water  supply,  the  latrineB 
and  sewage  systems,  the  slaughter-houses,  the  arrangements  made  for 
burials,  etc.  The  constant  inspection  of  the  latrines  and  the  water 
supply  is  especially  necessary.  In  fact,  the  Board  must  have  complete 
powers  of  inspection  and  recommendation,  and  should  be  allowed  to 
directly  communicate  with  the  C.R.E.,  or  with  an  ofBcer  detailed  by 
him,  for  the  immediate  carrying  out  of  their  recommendatioz& 
Their  powers  will  extend  to  the  civil  population  as  well,  and  to  all 
the  workmen  employed  in  various  works.  They  must  be  given  i 
free  hand  to  criticize  anybody  and  anything  in  matters  affectisg 
the  sanitation  of  the  place.  The  Board  of  Health  would  have  to 
employ  inspectors,  who  should  bo  men  well  known  about  the  towin 
for  the  inhabitants  have  as  much  interest  as  the  troops  in  having 
all  orders  relating  to  sanitary  matters  rigorously  attended  to. 

21.  The  Work  of  Disinfection^  etc. — Diseases  of  an  epidemic  nature 
usually  break  out  in  besieged  places,  and,  therefore,  it  is  very  essential 
to  organize  a  service  for  disinfecting,  purifying,  thoroughly  cleansing 
the  clothes,  linen,  and  camp  materials  used  by  the  diseased  persons, 
and  even  for  burning  these  things  if  the  means  first  stated  are  not 
sufficient  to  render  them  harmless.  The  disinfecting  establishments 
should  be  numerous  and  separated  ;  each  hospital  should  have  one. 
They  must  have  access  to  water. 

*  See  Appendix  L 
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22.  Baihing  Places. — Also,  the  health  of  the  soldier  is  affected  by 
the  cleanly  or  uncleanly  state  of  his  person,  and  consequently, 
when  possible,  bathing  places  should  be  provided  for  the  prevention  of 
skin  epidemics.  In  winter,  warm  baths  can  be  arranged  for  in 
the  tanks  of  dye  works,  breweries,  etc.,  if  the  water  and  fuel  be 
available. 

This  and  other  like  matters  would  fall  under  the  supervision  of 
the  Board  of  Health. 

23.  Municipal  Engineering.  —  The  maintenance  of  the  municipal 
roads,  streets,  sewers,  electric-lighting,  gas  works,  water  supply,  etc., 
will  all  have  to  be  carried  on  during  a  siege,  and  must  be  under  the 
control  of  the  C.R.K,  or  one  of  his  officers.  The  maintenance  of  the 
gas  works  requires  the  collection  of  sufficient  coal  or  oil  to  last  for  the 
siege.  The  gas  works  should  be  within  the  place  to  be  defended,  for 
the  same  reasons  that  railway  stations  should  be  (see  p.  270),  and 
so  placed  that  the  buildings  are  protected  from  direct  fire.  But  if  the 
gas  works  are  likely  to  be  struck  by  the  enemy's  projectiles  and  be 
set  fire  to,  they  become  an  element  of  danger,  especially  if  they 
happen  to  be  near  any  powder  magazine  or  provision  stores.  In 
such  a  case  the  works  should  be  removed  to  a  safer  place,  even 
if  it  entails  a  smaller  production^,  and  the  use  of  gas  in  houses 
limited.  If  the  gas  works  have  to  be  closed,  then  the  streets  and 
houses  will  have  to  bo  lit  by  oil  lanterns,  and  the  apparatus  and 
supplies  for  these  must  be  secured  in  time,  and  organized  arrange- 
ments made  for  the  necessary  cleaning,  lighting,  etc.,  of  these  lamps. 
The  practicability  of  the  streets  is  always  of  great  importance  with 
regard  to  the  defence  of  a  besieged  place,  both  as  regards  the  move- 
ments of  troops  and  transport  vehicles,  and  the  facility  with  which 
help  can  be  given  in  case  of  fires.  Houses  near  ramparts  should 
always  be  demolished,  to  prevent  the  men  on  the  ramparts  from  being 
injured  by  the  splinters  and  stones  that  fiy  on  houses  being  struck  by 
projectiles,  or  from  being  driven  from  the  rampaiiis  by  a  conflagration 
of  the  houses. 

24.  The  Extinction  of  Fires. — In  sieges,  the  extinction  of  fires  is  a 
very  important  subject  to  arrange  for,  and  as  the  possibility  of  fires 
during  a  siege  is  uow-a-days  constant,  a  number  of  fire  brigades 
must  be  organized  and  kept  in  a  constant  state  of  readiness* 
The  men  should  be  provided  with  ladders,  saws,  and  axes.     Water 


*  Small  machines  for  manufacturing  gas  from  oil  are  nowadays  easily  pro- 
curable in  the  market. 
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should  be  placed  in  casks  or  buckets  in  every  house  by  tl» 
householders,  and  fire-posts  should  be  established  in  difforeiit 
parts  of  the  town,  and  in  sufficient  numbers.  If  possible^  these 
posts  should  be  connected  by  a  system  of  telegraph  lines  or  other 
means  of  signalling,  so  that  they  can  readily  communicate  with  the 
fire-engine  centres.  During  a  bombardment,  detachments  of  firraies 
should  patrol  the  streets  and  enter  any  house  into  which  a  shell  is 
seen  to  fall,  in  order  to  extinguish  at  once  any  fire  it  may  lia?e 
started,  by  means  of  the  water  already  placed  in  the  house  sikI 
their  axes,  etc. 

25.  Balloons.  —  Every  large  fortress  should  have  facilities  fat 
manfactnring  balloons,  not  only  for  the  purpose  of  obsernng 
the  enemy,  the  movements  of  his  troops,  the  progress  and 
emplacement  of  his  works,  and  for  tl^e  observation  of  the  results  d 
artillery  fire,  but  also  for  establishing  communication  with  the 
outside  world  in  case  of  complete  investment 

26.  Homing  Pigeons. — To  make  the  balloon  service  of  grsUer 
value,  it  is  necessary  to  supplement  it  with  a  homing-pigeon  service. 
The  homing  pigeons  inside  the  fortress  would  be  taken  out  of  the 
besieged  place  in  the  balloons,  and  would  bring  back  communications 
from  the  outside  world.  Hence  it  is  a  wise  policy  to  encourage  the 
establishment  of  lofts  for  homing  pigeons  at  places  far  distant  from 
the  fortress  and  in  connection  with  it,  so  that  messages  can  be  sent 
in  at  any  time  from  the  outside  when  the  ordinary  means  of  com- 
munication are  cut.  There  would  be  no  difficulty  in  connecting 
London  with  Chatham,  Portsmouth,  and  other  places.  Of  course, 
on  the  approach  of  the  enemy,  all  the  homing  pigeons  in  the 
fortress  would  be  taken  charge  of  by  the  military  authorities  for  the 
use  of  the  defence  and  sent  to  other  places,  in  order  to  prevent 
unauthorized  information  being  sent  out  by  disaffected  persons  to 
the  enemy  or  his  agents.  Homing  pigeons  from  distant  places  would 
have  to  be  collected  for  sending  information  out  of  the  fortress. 

27.  Photography. — But  the  homing-pigeon  sen'ice  would  be  of 
but  little  real  use  without  the  aid  of  photography  for  reducing  the 
correspondence  and  dispatches  to  a  microscopic  size.  During  the 
siege  of  Paris,  70,000  words  were  included  in  the  photographed 
despatches  brought  in  by  pigeons.  These  microscopic  despatches 
were  enlarged,  thrown  on  a  screen  by  magic  lantern,  and  then  copied 
out  for  delivery. 

28.  The  Administraiion  of  Law  and  Justice. — A.s  soon  as  the  enemy 
approaches  the  fortress,  or,  as  some  say,  as  soon  as  war  is  declared. 
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the  Governor  will  proclaim  "  a  state  of  siege "  or  rule  by  martial 
law.  This  means  that  the  civil  law  is  suspended  for  the  time  being, 
or,  at  least,  is  made  subordinate  to  the  military,  and  is  placed  under 
the  authority  of  military  power.  It  will  undoubtedly  lead  to  the 
best  results  to  leave  the  civil  magistrates  to  deal  with  the  civil 
offenders,  so  long  as  these  do  not  commit  acts  endangering  the 
safety  of  the  defence  of  the  fortress.  For  such  offences  there  should 
be  a  permanent  military  tribunal,  for  it  will  be  almost  impossible 
during  a  siege  to  form  a  fresh  court-martial  for  each  new  offender  or 
batch  of  offenders. 

29.  Civil  Police, — On  the  state  of  siege  being  declared  the  control 
of  the  civil  police  is  taken  over  by  the  military  Governor,  who  would 
assure  their  independence  and  increase  their  numbers  from  the  civil 
population.  The  duty  of  this  police  is  to  check  any  wrong-doing  in 
the  town  and  to  prevent  all  unsanctioned  assemblies  of  the  people. 
The  only  assemblies  that  should  be  permitted  are  those  for  divine 
service,  or  which  are  authorized  by  the  Governor.  The  police  should 
make  out  a  complete  list  of  the  people  connected  with  the  town  and 
its  vicinity,  showing  their  ages,  occupations,  and  dwelling  places. 
The  public-houses  and  inns  should  be  closed,  as  also  all  places  of  an 
immoral  or  doubtful  character,  as  it  is  to  these  localities  that  spies 
find  their  way  and  gain  information.  The  police  also  will  assist  in 
seeing  that  the  sanitary  precautions  for  public  health  are  carried  out. 
In  the  police  work  is  included  the  care  of  the  prisons  and  the  prisoners 
in  them.  The  civil  prisoners  can  be  employed  in  cleaning  the  streets, 
latrines,  and  sewers,  and  other  municipal  work  of  a  hard  and  un- 
pleasant kind. 

30.  Printing  Press  and  Press  Censorship. — A.  special  press  censorship 
must  be  established;  in  fact,  it  would  be  a  wise  plan  for  the  ordinary 
press  to  be  suppressed,  and  for  the  GU)vernor  to  publish  daily  during 
the  siege  a  paper  for  giving  out  the  facts  and  information  that  he 
wishes  the  people  and  ti-oops  to  know,  and  for  informing  the  public 
of  the  regulations  and  measures  to  be  adopted  for  the  general  interest. 
The  press  censor  should  be  a  military  officer,  who  alone  would  know 
the  military  value  of  any  particular  piece  of  news  or  information. 

31.  Secret  Police. — Military  history  shows  that  it  is  very  necessary 
to  have  a  secret  police  in  every  besieged  place.  They  must  be  formed 
and  begin  their  work  as  soon  as  the  state  of  siege  is  declared.  They 
will  watch  all  persons  suspected  of  being  wanting  in  patriotism,  all 
societies,  especially  their  leaders,  and  all  strangers,  travelling  mer- 
chants, etc.     This  should  be  done  without  these  people  knowing  it, 
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and  their  correspondence  should  be  opened  and  read,  and  if  of  no 
great  harm  sent  on,  so  that  the  replies  may  also  be  read.  They 
should  recommend  the  evacuation  of  houses  belonging  to  suspected 
persons,  and  also  of  the  upper  stories  of  any  houses  from  which  signals 
could  be  made  to  the  enemy.  'The  secret  palice  must  also  work 
among  the  troops  to  discover  any  beginnings  of  mutiny  and  their 
instigators,  and  also  the  cause  of  any  desertions;  they  must  also 
report  any  indiscreet  remarks  made  by  officers  and  responsible  per- 
sons on  the  subject  of  the  weakness  of  the  fortress,  want  of  food,  of 
ammunition,  etc.,  so  that  these  functionaries  can  be  warned. 

32.  Miliiarif  Police  and  Provost  Esiahlithments. — The  military  police 
and  military  prisons  would  be  maintained  during  a  siege  to  deal  with 
military  prisoners.  These  military  prisoners  can  be  employed,  under 
guard,  in  carrying  out  any  requisite  engineering  works,  such  as  earth 
works,  road  work,  etc.,  or  in  assisting  in  the  handling  of  heavy  stores 
in  the  parks  and  depdts,  etc. 

33.  Intelligence  Department. — It  is  only  in  the  nature  of  things 
that  a  garrison  cannot  endure,  without  impatience,  being  shut  up  in 
a  fortress  and  completely  isolated  from  the  outside  world.  Con- 
sequently the  greatest  efforts  should  be  made  to  keep  up  or  to  establish 
communication  with  the  exterior.  Before  the  place  is  completely 
invested,  this  can  bo  done  by  means  of  reconnaissances,  patrols,  and 
well-affected  persons ;  by  these  means  also  very  exact  intelligence 
of  the  enemy  and  his  movements  are  often  obtained.  But  the 
difficulty  is  to  procure  news  after  the  complete  investment  has  been 
effected.  The  facilities  offered  by  balloons  and  homing  pigeons  have 
already  been  pointed  out,  but  as  all  obtainable  news  is  of  the 
highest  importance  to  the  defenders,  as  it  often  determines  their 
procedure,  it  will  also  be  necessary  to  employ  spies  and  emissaries 
to  get  news,  to  make  the  secret  police  open  all  letters,  and  to 
interrogate  prisoners  and  deserters.  Spies  will  be  found  everywhere, 
for  there  is  no  place  in  which  the  allurement  of  gain  will  not  produce 
men  capable  of  doing  anything.  But  to  be  well  ser\'ed  in  this  respect, 
spies  must  be  very  liberally  paid,  while  a  hold  is  kept  on  their 
families  and  possessions  as  a  precaution.  Emissaries  are  individuals 
who  perform  the  same  services,  not  for  money,  but  for  patriotism  or 
through  hatred  of  the  enemy.  History  shows  many  cases  of  spies 
and  emissaries  successfully  passing  to  and  from  a  besieged  place. 
Experience  has  fully  demonstrated  the  necessity  of  having  recourse 
to  secret  police  and  spies;  both  of  these  are  as  disagreeable  as 
necessary,  and  are  only  tolerated  to  ensure  a  great  good. 
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Communications'  with  the  outside  world  may  he  established  hy 
secret  telegraphic  communications,  buried  underground  or  sunk  in 
the  beds  of  streams.  These  should  be  prepared  in  peace  time,  but  it  is 
very  probable  that  the  besiegers  will  dig  or  drag  for  them.  Streams 
can  be  used  for  floating  down  with  the  current  bottles,  etc.,  contain- 
ing letters.  But  the  besiegers  will  probably  spread  nets  across  the 
stream  above  and  below  the  place  to  prevent  this  means  of  corres- 
pondence. 

Visual  signalling  can  also  be  made  use  of  in  many  cases,  for,  from 
suitable  points,  it  can  be  worked  over  intervals  of  30  or  40  miles 
on  a  sunny  day  by  means  of  the  heliograph.  For  this  reason  all 
the  clock  towers  and  spires  in  a  besieged  fortress  will  be  closed  to 
all  but  authorized  officials. 

The  clock  towers  and  spires  would  also  be  utilized  for  observing 
the  enemy  and  his  movements.  The  observing  officer  should 
know  the  neighbouring  country  well,  so  as  to  be  able  to  send 
accurate  reports.  Photographs  taken  from  towers  will  also  afford 
much  useful  information.  Observations  must  be  made  night  and 
day ;  at  night  time  the  observer  notes  all  he  can  when  the  electric 
light  plays  over  the  ground  or  when  star  shells  are  fired  periodically. 
Noises  as  well  as  sights  must  be  noted. 

All  this  intelligence  work  should  be  organized  by  an  Intelligence 
Department,  which  collects  all  the  information  it  can  from  every 
possible  source.  The  secret  police  and  spies  should  be  under  this 
department,  as  well  as  the  press  censorship  and  service  of  homing 
pigeons.  The  head  of  the  Intelligence  Department  should  know 
how  to  keep  silence,  and  should  enjoy  the  whole  confidenice  of  the 
Governor, 

34.  Use  of  Ci/phers: — ^The  cypher  to  be  used  between  the  Governor 
and  the  military  chiefs  outside  the  fortress  should  be  decided  on  in 
peace  time.  The  key  to  the  cypher  should  be  known  only  to  the 
Governor  and  to  the  head  of  the  Intelligence  Department. 

35.  Organization  of  Special  Signals, — The  Governor  should  establish 
certain  signals,  sound  or  visual,  to  give  warning  at  moments  of 
dangei.  The  signals  should  be  very  simple,  such  as  rockets  or 
coloured  fire,  ringing  of  bells,  sounding  bugles,  drums,  etc.  These 
may  be  used  to  warn  or  call  up  the  inhabitants  as  well  as  the  troops. 
They  may  also  be  used  for  calling  up  reinforcements  to  certain 
places.  Hence  we  see  the  necessity  of  only  allowing  authorized 
persons  to  enter  towers  containing  bells,  for  the  latter  should  only 
be  sounded  by  order  of  the  Governor. 
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36.  Means  of  Providing  ^on^.— During  a  si^e  money  alwiji 
becomes  scarce,  although  it  must  be  in  the  place  somewhere.  It 
becomes  hoarded.  When  this  happens  different  steps  have  bea 
taken  to  meet  the  di£Bculty,  as  it  is  very  conducive  to  maintainiT^ 
a  healthy  moral  feeling  that  the  troops  and  the  military  and  civiliBa 
employees  should  receive  their  pay  regularly.  The  plate  obtained 
from  jewellers  and  rich  people  may  be  melted  up  and  coined,  or 
paper  money  issued,  after  all  the  money  held  by  banks  or  rkk 
people  has  been  obtained  on  loan.  The  credit  of  the  paper  monef 
should  be  guaranteed  by  the  Governor  and  the  leading  bankers  sad 
merchants,  etc.,  and  it  should  be  redeemed  as  soon  as  possible  affaer 
the  war  has  ceased. 

37.  The  Prisoners  of  War, — During  a  siege  some  prisoners  of  war 
are  usually  made,  but  a  large  number  of  such  prisoners  may  baTe 
been  placed  in  the  fortress  by  the  field  army  before  the  place  is 
invested.  It  is  a  great  mistake  to  use  fortresses  near  the  frontier 
for  this  purpose.  The  prisoners  of  war  should  be  humanely  housed 
and  cared  for,  only  they  should  never  be  kept  together,  but  be 
scattered  about  in  small  groups  and  separated  from  their  offioen. 
They  must  be  prevented  from  having  access  to  anyone,  for  fear  d 
their  communicating  with  the  exteiior.  Some  think  that  pnsonos 
of  war  should  be  made  to  work  for  their  living,  a  diet  of  bread  and 
water  only  being  given  to  those  who  will  not  work.  Even  ii€ 
officers  who  are  prisoners  must  be  watched  with  great  care  and 
treated  with  great  rigour;  they  must  not  be  given  any  freedom 
during  the  siege,  and  all  their  ornaments  and  money  must  be  taken 
from  them  and  given  back  by  degrees,  so  as  to  prevent  them  trying 
to  bribe  anyone.  Any  outbreak  among  the  prisoners  of  war  shoulii 
be  most  severely  repressed. 

38.  The  Organization  of  the  Guard  Service  in  the  Interior  of  a 
Fortress, — There  are  many  places  in  the  interior  of  a  place,  such  as  the 
military  establishments,  supply  dep6t8  and  storehouses,  magazines, 
etc.,  that  have  to  be  guarded,  for  on  their  safe  existence  depends  the 
power  of  the  place  to  last  out.     The  guard  service  includes — 

A  Guard  for  each  powder  magazine. 
„  each  lal3oratory. 

„  the  artillery  arsenal. 

„  the  engineer  park. 

„  each  ordnance  store. 

„  the  gun  and  shell  foundry. 
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A  Guard  for  the  powder  factory. 

the  public  money  chest. 

each  commissariat  store. 

each  clothing  store. 

each  tower. 

the  gas  works. 

each  railway  station  and  yard. 

the  prisoners  of  war,  in  prison  and  at  work. 

the  military  prisoners,  in  prison  and  at  work. 

As  these  numerous  guards  cannot  be  furnished  by  the  combatant 
troops  without  reducing  their  effective  numbers  and  exhausting 
them,  they  should  be  provided  by  means  of  garrison  companies  raised 
from  among  the  retired  soldiers  residing  in  the  town  and  its  vicinity. 
They  can  be  commanded  by  retired  oflBcers. 

39.  The  Care  of  the  Keys, — ^The  guardianship  of  the  numerous  keys, 
of  varied  form,  that  are  required  in  a  fortified  place  should  be  care- 
fully thought  out  and  arranged  for,  so  that  there  may  be  no  loss  of 
time  in  getting  a  key  when  required.  Many  cases  have  occurred  in 
history  where  the  attackers  have  succeeded  in  entering  the  works  of 
the  place  at  the  same  time  as  the  repulsed  defenders,  because  the 
latter  were  not  able  to  close  the  gates  of  the  communications.  It  is 
very  certain  that  much  order  and  method  are  required  in  the  distri- 
bution and  guardianship  of  the  keys,  in  order  that  they  may 
always  be  at  hand  to  open  or  close  the  entrances  to  forts,  build- 
ings, passages,  bridges,  barriers,  keeps,  blockhouses,  guard-houses, 
caponiers,  escarp  and  counterscarp  batteries,  subterranean  communi- 
cations, magazines,  laboratories,  dams,  posterns,  mouths  of  sewers, 
gratings,  etc.  The  custody  of  the  various  keys  should  be  carefully 
laid  down,  and  also  the  rules  for  ensuring  their  being  found  rapidly 
when  required.  Tlie  principal  keys  of  a  detached  fort  should  be 
held  by  the  fort  commander  himself. 

40.  The  Clergy  in  a  Besieged  Fortress, — The  clergy  will  always 
exercise  a  considerable  influence  on  the  people,  and  consequently  the 
attitude  that  they  take  during  a  siege  is  not  a  matter  of  indiflerence. 
If  their  attitude  is  prejudicial  to  the  interests  of  the  defence,  the 
Grovemor  should  be  informed  of  it,  for  it  is  easier  to  combat  an  open 
enemy  than  a  hidden  one  who  hides  his  secret  thoughts  under  the 
mask  of  friendship.  At  the  commencement  of  the  siege,  the  ministers 
of  all  persuasions  should  be  summoned  by  the  Town  Commandant,*  in 

*  The  officer  appointed  to  control  the  town  (see  p.  298). 
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the  name  of  the  Governor,  and  ordered  to  allade  to  the  state  of  tb 
town  in  their  next  sermons,  and  to  inculcate  into  their  eongregataoH 
blind  obedience  and  submission  to  the  military  authorities  of  the  for- 
tress and  town.  It  is  even  a  good  plan  to  give  the  clergy  one  or  two 
selected  texts  to  use  for  their  sermons,  which  latter  should  be  repcrted 
on  bj  the  officers  sent  to  listen  to  them,  in  order  to  see  if  the  seoti- 
ments  of  the  clergy  are  loyal  or  not.  The  clergy  should  also  be 
requested  to  make  public  prayer  for  the  troops  employed  on  datf 
and  in  the  defence  of  the  place.  They  should  be  constaotlf 
reminded  of  the  duty  of  visiting  the  sick  and  wounded  aod 
prisoners,  and  each  clergyman  should  be  given  a  written  permit  br 
the  Town  Commandant,  allowing  him  free  access  to  the  hospitak 
and  to  the  prisons  for  this  purpose. 

The  Organization  of  CiMian  Labour. — From  what  has  been  said 
concerning  the  different  kinds  of  work  that  have  to  be  performed 
in  carrying  out  the  defences  of  a  besieged  place,  we  see  that  a  veij 
large  proportion  of  it  can  either  be  entirely  carried  out  by  civfliaffi^ 
or  in  which  civilians  can  assist,  and  if  this  be  done,  then  the  troops 
will  be  enormously  relieved.  This  gives  rise  to  two  reflections :  (1), 
how  far  is  it  right  to  employ  the  civilian  population  in  worb 
required  for  the  defence  f  and  (2),  if  they  are  to  be  so  employed,  for 
what  kinds  of  work  should  they  be  taken,  and  how  should  they  be 
organized  for  the  purpose  1 

We  will  take  this  second  question  first,  assuming  for  the  time 
being  that  it  is  a  right  principle  to  employ  the  civilian  populatioa 
as  far  as  possible. 

A  slight  consideration  of 'the  different  varieties  of  works  to  be 
carried  out  ^vill  show  that  all  these  kinds  of  work  can  be  placed, 
more  or  less  accurately,  under  three  heads,  viz. : — 

1.  Those  executed  under  conditions  of  constant  danger  to  the  hie 
of  the  workman. 

2.  Those  executed  under  conditions  of  only  occasional  danger  to 
the  life  of  the  workman. 

3.  Those  executed  under  conditions  of  no  danger  to  the  life  of 
the  workman,  so  far  as  there  can  be  no  danger  in  a  besieged  place. 

The  first  class  of  works  consist  of  those  carried  out  directly  under 
the  fire  of  the  enemy.  All  such  works  must  naturally  fall  on  the 
troops  themselves,  and  military  history  teaches  us  that  the  best 
defences  have  been  made  where  the  troops  understood  not  only  the 
use  of  their  arms,  but  also  of  the  pick  and  shoveL 
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Under  the  second  doss  of  works  we  may  place  the  transport  and 
handling  of  materials  and  supplies  of  all  kinds  sent  to  the  fronts 
the  collection  and  removal  of  the  wounded  to  the  rear,  the  service 
of  the  powder  magazines  and  laboratories,  the  manufacture  of 
powder  and  explosives,  and  the  extinction  of  fires.  We  may  per- 
haps also  add  the  service  of  the  railway,  tramway,  canal,  river, 
telegraph,  telephone,  etc.,  communications.  In  all  these  kinds  of 
works  civilians  and  requisitioned  transport  can  be  usefully  employed, 
and  for  this  purpose  should  be  organized  into  regular  units,  be 
clothed  in  distinctive  dresses,  and  be  placed  under  control  and 
discipline  under  the  command  of  selected  officers  and  N.C.Os. 
These  organized  units  would  be  distributed  to  the  various  services  as 
required. 

Keeping  the  troops  in  the  front  line  supplied  daily  with  all  the 
ammunition,  food,  and  other  supplies  that  they  may  require  necessi- 
tates an  immense  amount  of  work,  and  it  is  easily  seen  that  the 
troops  of  the  garrison  would  soon  be  worn  out  by  such  heavy  work, 
if  called  upon  to  do  it  Consequently  the  communication  work 
between  the  depdts  in  rear  and  the  fighting  lines  should  be  very 
largely  performed  by  civilian  workmen  (such  as  porters,  navvies, 
drivers,  etc.)  and  requisitioned  transport  organized  in  the  way 
already  described.  It  is  very  probable  that  local  contractors  and 
other  employers  of  labour  and  local  foremen  of  works  can  be  use- 
fully employed  in  commanding  and  directing  the  work  of  such 
organized  labour  and  transport  units. 

In  every  celebrated  siege  recorded  in  history  the  combatants  have 
not  been  charged  with  the  conveyance  of  the  wounded  from  the  scene 
of  fighting,  and  the  necessary  stretcher-bearer  companies  required 
for  this  work  should  be  raised  and  organized  from  among  the  civilian 
population. 

Powder  magazines  and  laboratories  require,  as  has  been  pointed 
out,  the  work  of  specially  trained  men.  But  these  men  can  be 
assisted  in  all  their  heavy  work  (such  as  the  handling  of  heavy 
barrels  of  powder,  and  boxes  of  cartridges,  etc.)  by  picked  steady 
civilians,  permanently  told  off  to  assist  them.  As  to  the  manufac- 
ture of  explosives,  that  can  be,  as  in  peace  time,  entirely  carried  out 
by  civilians  directed  by  a  military  officer. 

The  work  of  extinction  of  fires  has  usually,  in  most  sieges,  been 
left  to  the  inhabitants,  and  the  fire  brigades,  already  mentioned,  should 
be  raised  and  organized  from  among  the  civilian  population,  though 
they  must  be  placed  under  strict  military  control. 

u 
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Again,  in  all  the  railway,  tramway,  waterway,  and  electric  com- 
munications there  is  ample  scope  for  the  employment  of  a  large 
number  of  civilians,  and  all  messenger  services  can  also  be  carried 
out  by  them. 

Consequently  for  carrying  out  the  second  class  of  works  we  want 
to  raise  and  organize  into  regular  units  or  companies  a  large  number 
of  civilians,  with  distinctive  dresses,  as  follows: — 

(a).  Labour  companies. 

(6).  Transport  companies  with  vehicles  and  draught  animals. 

(c).  Stretcher-bearer  companies  with  vehicles  and  draught  animals. 

(d).  Fire  brigades. 

The  labour  companies  would  be  permanently  detailed  for  employ- 
ment to  the  various  departments  as  required.  The  men  and  vehicleB 
and  animals  employed  in  each  special  kind  of  work  should  in  addition 
to  their  general  distinctive  mark,  have  a  special  distinctive  mark 
indicating  the  special  duties  that  they  have  been  permanently  de- 
tailed for. 

As  regards  the  third  doss  of  works,  they  include  all  those  not  men- 
tioned above.  But  a  few  comments  on  the  nature  of  the  labour 
required  for  them  is  necessary. 

In  the  first  place  there  is  no  necessity  for  these  kinds  of  works  to 
organize  the  workmen  required  for  thera  into  regular  companies,  but 
these  employees  must,  nevertheless,  be  enrolled  and  told  off  to  each 
special  Idnd  of  work,  and  be  made  to  understand  that  their  daily 
attendance  at  stated  hours  is  required  and  will  be  enforced. 

The  cooking  of  food  before  being  sent  out,  if  this  work  is  adopted, 
and  the  washing,  mending,  darning,  making  and  repairing  of  under- 
clothing and  clothes  for  the  troops  and  organized  auxiliary  companies 
can  be  best  carried  out  by  women,  who  have  a  greater  aptitude  for 
this  kind  of  work  than  men. 

Women  can  also  be  employed  in  nursing  the  sick  and  wounded.  In 
this  sphere  of  work  they  cannot  be  approached  by  men,  while  the 
patients  do  better  and  recover  quicker  when  boing  looked  after  bj 
women  nurses.  The  heavier  and  unpleasant  duties  connected  with 
the  care  of  the  sick  and  wounded  should,  however,  be  performed  by 
men,  such  as  the  removal  and  disposal  of  bodily  evacuations,  the 
carrying  of  patients,  etc.  In  the  hospital  work  the  military  doctors 
can  be  ably  assisted  by  the  civilian  doctors  in  the  place. 

For  the  above  purposes  the  women  of  a  besieged  place  should  be 
enrolled  as  well  as  the  men,  and  have  their  respective  duties  allotted 
to  them  before  the  appearance  of  the  enemy.    The  women  who  are 
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liot  told  off  to  snch  special  duties  will  find  ample  employment  in 
providing  for  the  wants  of  the  unorganized  civil  labour. 

For  the  making  of  heavy  clothes  and  boots,  and  their  repairs,  the 
civilian  artizans  who  follow  these  trades  should  be  selected  and 
enrolled,  and  made  to  work  under  military  guidance.. 

As  regards  the  repair  of  warlike  stores  under  the  ordnance  store 
department,  there  is  much  that  can  be  done  by  civilians  of  suitable 
trades  (gunsmiths,  leather  workers,  saddlers,  etc.),  who  would  be  de- 
tailed for  this  work  under  the  direction  of  the  officers  and  N.C.Os 
of  the  Ordnance  Store  Department. 

Again,  in  the  artillery  and  engineer  parks,  and  in  their  attached 
workshops,  a  very  large  number  of  civilians,  tradesmen  and  labourers 
can  be  employed,  both  as  workmen  and  foremen. 

The  Commissariat  Department  affords  a  wide  field  of  usefulness 
for  the  employment  of  the  local  civilian  butchers,  bakers,  millers, 
farmers,  grocers,  etc.,  who  should  be  carefully  enrolled  and  told  off 
to  these  duties  with  foremen  placed  over  them. 

The  interment  of  the  dead — both  as  regards  men  and  animals — is 
a  service  that  can  well  be  carried  out  by  civilians  under  a  responsible 
head.  Perhaps  the  best  way  to  carry  this  service  out  is  by  means 
of  a  committee,  presided  over  by  the  Town  Major,  and  whose 
members  would  include  some  of  the  clergy,  a  doctor,  and  some 
prominent  civilians.  Some  of  the  committee  should  attend  every 
burial. 

The  Board  of  Health,  which  inspects  and  controls  all  the  sanitary 
matters  connected  with  the  fortress,  both  as  regards  the  troops  and 
the  civil  population,  will  require  a  certain  number  of  inspectors, 
who  should  be  well-known  civilians. 

As  regards  the  ordinary  engineering  works  connected  with  the 
town  itself,  it  will  be  best  to  leave  it  to  the  local  civil  engineers  and 
specialists  and  their  employees,  who  have  been  employed  on  them 
during  peace  time,  viz.,  turncocks,  scavengers,  chimney  sweeps,  etc. 
The  only  thing  required  is  to  ensure  that  the  necessary  work  shall 
be  done  at  once  when  required,  and  consequently  these  civilians 
should  be  tmder  the  control  of  the  C.R.E.,  or  one  of  his  officers  told 
off  for  the  purpose. 

The  balloon  construction,  the  care  of  the  homing  pigeons,  and  the 
photographic  and  piinting  work  of  the  fortress  can  all  be  left  in  the 
hands  of  trained  civilian  specialists,  who  must,  however,  bo  under 
military  supervision. 

Any  increase  to  the  civil  police  must  naturally  be  raised  from 

V2 
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among  the  civil  population.  The  aecret  poUoe  also  would  be  raiBad 
from  the  same  aonroe. 

The  guard  aarvice  wooM  be  carried  out  by  tiia  enrolment  and 
OTganiaation  into  componiea  of  retired  soldiers  commanded  by 
retired  officers. 

Consequently,  for  the  purpose  of  carrying  oat  the  third  class  of 
works,  we  want  to  enrol  and  definitely  detail  a  lai^  number  of 
civilians,  both  men  and  women,  to  certain  specified  kinds  of  works. 
Theee  need  not  be  definitely  organized  into  regular  companies^  nor 
clothed  in  a  distinctive  dress.  We  also  want  to  raise  and  organise  and 
arm  a  sufficient  number  of  companies  of  retired  soldiers,  commanded 
by  retired  officers,  for  the  guard  service  of  the  fortress. 

Thus  we  see  that  only  two  classes  of  civilian  workmen  are 
required,  vis. :  (1)  those  who  are  organized  into  companies  and 
placed  under  military  discipline  for  semi-dangerous  works ;  and  (2) 
those  who  are  <mly  enrolled  and  detailed  to  special  kinds  of  work, 
not  entailing  any  danger.  The  former  should  receive  a  considerably 
higher  rate  of  pay  and  remuneration  for  their  services  than  the  latter. 

In  addition  to  this  work  of  enrolment,  and  organization  of  men 
and  women,  and  allotment  of  specific  duties  to  them,  it  must  be 
clearly  borne  in  mind  that  it  is  equally  necessary  to  erect,  organize 
and  equip  the  workshops  and  stores  in  which  they  are  to  be  employed 
under  supervision,  whenever  the  necessary  buildings,  with  equip- 
ment, are  not  to  be  found  locally  in  the  possession  of  civilian  manu- 
facturers, etc  These  workshops  and  storehouses,  if  they  have  to  be 
erected,  should  be  scattered,  so  as  to  prevent  the  enemy's  projectiles 
being  able  to  do  any  great  damage  in  any  particular  locality.  And 
this  dispersal  of  workshops  and  stores  can  be  usefully  effected  by 
giving  each  department  (artillery,  engineers,  ordnance  store,  com- 
missariat, transport,  clothing,  etc.)  the  workshops  and  storehouses 
required  for  their  own  wants.  This  prevents  the  delays  and  friction 
that  always  occur  if  one  department  has  to  do  any  kind  of  work  for 
another  department.  In  peace  time,  centralized  work  may  be  more 
economical,  financially  speaking,  but  in  war  time  true  economy  is  to 
be  found  in  decentralization  and  the  smooth  working  of  the  military 
organization  and  machinery. 

It  may  here  be  remarked  that  it  would  be  very  advantageous  that 
as  much  of  the  above-mentioned  preparations  and  works  as  possible 
should  be  carried  out  in  peace  time,  in  order  to  lessen  as  much  ss 
possible  the  work  to  bo  done,  both  during  a  siege  and  while 
hurriedly  preparing  for  it. 
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From  the  foregoing  it  will  be  seen  that  the  administrative  works; 
that  have  to  be  performed  during  a  siege,  afford  so  many  means  of 
finding  remunerative  employment  for  the  civil  population  of  the 
place,  and  of  relieving  the  troops  from  the  burden  of  such  works. 
In  many  cases  the  civil  and  military  prisoners  and  prisoners  of  war 
can  also  be  advantageously  employed  on  them.  In  some  sieges, 
however,  the  civilian  employees,  whose  services  have  been  utilized 
in  the  administrative  departments  of  the  garrison,  have  been  guilty 
of  many  grossly  fraudulent  acts,  but  it  may  be  pointed  out  that  such 
acts  have  only  occurred  from  want  of  a  proper  organization  and 
surveillance  of  the  civil  labour  employed. 

It  may  be  here  added  that  civilian  labour  can  be  very  largely  used 
before  the  siege  begins  in  carrjring  out  all  the  preparatory  works 
that  have  to  be  done,  clearing  the  field  of  fire,  throwing  up  works, 
etc.  For  this  purpose,  labour  can  be  procured  from  the  surrounding 
country,  but  this  extra  labour  should  be  dismissed  before  the  invest- 
ment is  effected,  or  else  it  means  that  more  useless  mouths  will  have 
to  be  fed  during  the  siege. 

The  Necessity  for  Employing  Civilian  Labour, — As  to  the  justice  of 
the  principle  of  thi^  forcibly  employing  civil  labour  to  relieve  the 
troops  of  the  garrison  as  much  as  possible  of  all  the  work 
that  has  to  be  done,  it  may  be  objected  that  the  organization  of 
these  auxiliary  bodies  of  men,  vehicles,  and  draught  animals  will 
impose  too  considerable  an  obligation  on  the  town  and  its  vicinity ; 
but  we  must  remember  that  in  every  defence,  every  resource,  as 
well  as  every  force  at  our  disposal,  must  be  utilized  with  the  greatest 
energy  if  success  and  a  victorious  end  to  the  struggle  is  really 
desired.  All  half  measures,  all  weakness,  are  here  fatal,  and  even 
if  success  appears  doubtful,  it  would  be  simply  insanity  not  to  do  every- 
thing possible  to  assure  victory.  Besides  this,  such  an  organization,  far 
from  imposing  too  heavy  a  charge  on  the  civil  population  of  the 
besieged  place,  would  really  be  advantageous  to  them,  because  it  would 
assure  to  the  poorest  part  of  the  population  both  subsistence  and 
profit  during  the  rigours  of  siege,  and  prevent  their  being  sent 
away,  while  at  the  same  time  they  are  prevented  from  giving  them- 
selves up  to  intrigue,  which  might  prove  hurtful  to  the  defence  of 
the  place.  And  such  a  use  of  auxiliary  workmen  will  enor- 
mously relieve  the  troops  and  render  them  always  available  for 
fighting.  Further,  the  moral  effect  of  such  an  organization  on  the 
workmen  enrolled  is  by  no  means  to  be  despised.  Every  enrolled 
workman  will  have  faith  in  success  if  he  sees  the  defence  of  the 


Digitized  by  VjOOQ IC 


294 

fortress  well  prepared.  Consequently  such  an  organization  forms  a 
powerful  means  of  interesting  the  civil  population  in  the  defence, 
and  so  of  giving  a  greater  amount  of  energy  to  it.  But  it  k 
very  necessary  to  prepare  this  organization  before  the  enemy  appears, 
so  as  not  to  lose  time  in  carrying  it  into  effect.  The  rapidity 
with  which  the  auxiliary  corps  enter  into  their  work  is  a  visible 
proof  to  the  civilian  population  of  the  care  with  which  the  defence 
has  been  prepared.  This  rapidity  will  also  serve  to  raise  the  courage 
of  the  defenders,  and  will  minimize  the  difficulty,  naturally  cao;^ 
by  a  sudden  appearance  of  the  enemy,  of  withdrawing  into  the 
place  such  of  the  surrounding  population  who  may  be  required  Us 
the  defence. 

The  Surveillance  of  the  Omlian  Workmen  duiingaSiege.  — This  question 
is  one  of  considerable  importance,  and  it  is  well  to  place  all  the  ciril 
employees  under  a  special  head,  who,  with  a  subordinate  staff,  would 
be  charged  with  the  inspection  and  control  of  these  employees.  Some 
kind  of  distinguishing  mark  or  uniform  should  be  given  to  auxiliary 
companies  of  workmen,  for  by  this  means  oljedience  is  more  easily 
obtained,  and  the  workmen  should  be  made  to  feel  that  they  will 
share  in  the  honours  and  fate  of  the  troops  ;  if  the  fortress  falls  they 
will  be  prisoners  of  war ;  if  it  resists  successfully  they  will  be  giveii 
the  same  advantages  and  honours  as  the  troops. 

As  a  check  on  some  of  the  work  of  the  civil  workmen  and  con- 
tractors, the  distribution  of  supplies  of  all  kinds  should  be  mack 
in  the  presence  of  an  officer,  who  certifies  to  their  qualitj-  and 
•quantity. 

The  Powers  of  the  Ooveitwr. — The  existence  of  a  state  of  siege 
should  be  notified  by  the  Governor  publicly.  It  applies  not  only  to 
the  garrison  but  also  to  the  civil  population  of  the  town  and  its 
environs.  The  military  Governor  takes  into  his  own  hands  all  the 
civil  and  military  powers  of  the  place,  though  the  civil  authorities 
as  a  matter  of  convenience  should  be  allowed  and  encouraged  to 
continue  to  do  all  such  of  their  work  as  is  not  taken  over  by  tlie 
military  authorities.  The  civil  population  should  be  made  to 
thoroughly  understand  this,  and  that  they  have  now  passed  from 
civil  law  to  martial  law.  The  limits  of  the  garrison  and  of  tk 
town  should  be  made  known,  and  marked  with  sign  posts,  accom- 
panied with  the  information  that  no  one  can  pass  the  outer  limits 
without  a  pass. 

The  Expidsion  of  Unprofitable  Inhabitants.  —As  all  the  civilian  popa- 
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lation  are  not  required  to  aid  in  the  defence,  either  directly  or  iri^ 
directly,  but  only  those  who  can  be  of  use,  morally  and  materially, 
there  should  appear,  with  the  declaration  of  the  state  of  siege,  the 
order  of  expulsion  of  all  those  who  cannot  aid  in  the  defence — people 
without  homes  and  under  police  surveillance,  all  suspected  strangers, 
agitators,  occupants  of  brothels  and  houses  of  ill-fame,  vagabonds, 
idlers,  lunatics,  strangers,  and  those  who  cannot  afford  to  collect 
sufficient  food  or  fuel  for  the  siege,  or  who  are  unable  to  work  for  them 
during  the  siege.  This  list  should  have  been  prepared  in  peace  time 
with  the  aid  of  the  civil  authoiities,  and  no  hesitation  must  be  shown 
in  expelling  everyone  (even  the  rich)  who  are  known  to  bo  ready  to 
agitate  the  people  and  foment  disorder.  All  old  men,  old  women,  chil- 
dren, endente  women,  and  sickly  people  should  be  made  to  qiut  the 
place  out  of  kindness  to  them,  but  provision  should  be  made  for 
them  elsewhere  —a  point  that  must  always  be  considered.*  When 
once  the  investment  has  been  completed,  the  enemy  will  not  allow 
anyone  to  be  sent  out  of  the  place.  This  course  of  action  is  quite 
a  proper  one,  for  the  enemy  desires  the  fall  of  the  fortress  by  any 
means,  and  the  more  people  there  are  to  feed  and  to  frighten  inside 
it,  the  sooner  the  place  will  fall.  As  regards  those  who  wish  to 
leave,  the  right  of  free  exit  cannot  be  allowed  in  the  interest  of  the 
defence.  All  public  functionaries,  firemen,  civil  engineers,  contrac- 
tors, telegraph  employees,  photographers,  printers,  and  artizans  of 
all  kinds,  e,g.,  mechanics,  builders,  carpenters,  joiners,  etc.,  must  be 
compelled  to  stay,  and  also  men  who  possess  influence  among  the 
people,  such  as  the  clergy,  doctors,  and  other  professional  men  who 
can  be  utilized  during  the  siege.  It  is  only  after  we  have  con- 
sidered the  works  that  have  to  be  done  during  a  siege  that  we  can 
properly  understand  the  necessity  for  restricting  the  right  of  free 
exit  and  entrance. 

The  French  regulations  order  that  the  families  of  the  Governor 
and  of  the  Council  of  Defence  (see  p.  301)  are  to  be  sent  away  from 
the  fortress  as  soon  as  the  state  of  siege  is  declared. 

The  Oovemor's  Precautionary  Measures, — The  chief  duty  of  the 
Governor  is  to  see  to  the  immediate  provisioning  and  arming  of  the 
fortress,  to  place  the  garrison  on  a  war  footing,  and  to  take  all  the 
other  necessary  measures  required  for  the  carrying  out  of  a  stub- 
bom  defence.  He  should  seize  all  the  large  buildings,  hotels,  places 
of  amusement,  mills,  breweries,  distilleries,  slaughter-houses,  etc., 

*  See  remarks  on  p.  306. 
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that  can  be  of  use  to  the  defence  as  storehouses,  workshopB^ 
hospitals,  etc.  He  will  oixier  the  levelling  and  demolition  of  soeh 
suburbs  and  houses  that  will  hamper  the  defence  in  any  way  or 
favour  the  enemy. 

The  Treatmeni  of  the  Civil  PopukUion. — History  has  shown  in  maoj 
cases  that  the  enemy  can  make  active  allies  in  a  fortress,  espeeisUj 
by  sowing  discord  between  the  civil  population  and  the  troops. 
Consequently  as  soon  as  the  state  of  siege  has  been  declared,  the 
inhabitants  must  be  called  on  to  deposit  all  their  arms  and  ammaai- 
tion,  flags,  trumpets,  etc.,  at  the  Ordnance  Store  depdts.  The  same 
precaution  must  be  taken  as  regards  gunsmiths  and  iron  merchants, 
who  possess  materials  for  making  arms.  This  step  is  necessary  to 
avoid  having  two  ai*med  forces  side  by  side  in  a  fortress,  and  Urns 
preventing  a  possible  cause  of  disturbance.  All  homing  pigeons  will 
have  also  to  be  given  up. 

A  loyal  feeling  on  the  part  of  the  civil  population  is  one  of  the 
elements  that  contributes  largely  to  the  duration  of  the  defence,  for 
it  forms  a  powerful  stimulus  to  raise  and  strengthen  the  courage 
and  confidence  of  the  troops.  Consequently  everything  should  be 
done  to  strengthen  the  loyalty  of  the  inhabitants,  and  to  maio- 
tain  it  as  long  as  possible.  A  powerful  means  of  doing  this  is  to 
establish  a  strong  moral  bond  between  the  troops  and  the  inhabitants 
by  making  the  one  dependent  on  the  other.  A  garrison  can  never 
free  itself  from  the  assistance  of  the  civil  population,  for  it  cannot 
do  everything  itself,  and  if  it  has  to  force  the  inhabitants  to  work, 
troops  will  be  required  for  this,  causing  a  reduction  of  the  number 
of  troops  available  for  fighting.  Consequently  the  Governor  and 
everyone  under  him  should  seek  to  establish  a  good  feeling  between 
the  troops  and  the  inhabitants. 

From  the  beginning  the  Governor,  even  if  not  having  at  first 
entire  confidence  in  the  population,  should  so  act  as  not  to  let  them 
think  that  he  mistrusts  them.  They  should  be  made  to  under- 
stand the  object  of  all  the  wise  measures  taken  with  regard  to 
them,  and  it  might  be  well  if  the  Governor  placed  the  mayor  of  the 
town  on  his  staff,  and  made  him  his  mouthpiece  to  the  inhabitaots 
on  ordinary  occasions.  Tnist  in  the  civilians  can  be  shown  by 
accepting  volunteers  to  serve  with  the  artillery  and  infantry,  bul 
these  should  not  be  formed  into  separate  bodies,  but  be  attached  to 
the  existing  battalions  and  batteries.  The  mere  fact  of  onroUiz^ 
and  organizing  civilians  to  assist  in  the  various  auxiliary  services 
(such  as  auxiliary  workmen  for  transport,  artillery,  and  engineen^ 
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stretcher-bearers,  superintendents  of  works,  police  constables,  fire- 
men, hospital  employees,  etc.)  will  enlist  the  sympathies  of  the 
population. 

If  the  Governor  cannot  trust  the  inhabitants,  be  must,  during  the 
whole  siege,  have  in  readiness  energetic  means  for  suppressing  all 
revolts.  Cavalry  patrols  are  the  best  for  preventing  crowds  collecting, 
and  if  cavalry  and  infantry  are  not  sufficient,  there  must  be  no  hesita^ 
tion  about  using  artillery.  In  such  a  case  the  inhabitants  must  be  kept 
away  from  the  defensive  works,  and  prevented  from  speaking  to  the 
troops  on  duty*  It  is  by  far  the  best  plan  to  have  everything  ready 
to  stifle  any  attempt  to  revolt,  and  to  subdue  it  energetically  in  case  it 
breaks  out.  The  troops  required  for  protecting  the  military  build- 
ings, the  stores,  and  the  communications  from  an  attack  in  force, 
should  be  told  off  beforehand. 

The  preliminary  signs  of  a  coming  revolt  cannot  escape  an  obser- 
vant Governor,  who  ought  not  to  allow  himself  to  be  deceived  by 
the  civil  authorities  in  this  matter.  Those  officers  and  military 
employees  also  who  are  in  daily  contact  with  the  populace,  and  also 
the  police,  cannot  fail,  unless  utterly  incapable,  to  discover  any  con- 
spiracies that  may  be  hatching.  But  all  reports  on  such  matters 
should  be  carefully  received,  for  we  must  always  i^emember  that 
gross  exaggerations  may  arise  from  the  intemperate  zeal  of  those 
informers  who  are  stimulated  either  by  patriotism  or  the  allurement 
of  a  reward. 

From  the  commencement  of  the  siege  the  populace  should  be 
informed  that  the  troops  have  the  formal  order  to  use  their  arms  on 
the  slightest  resistance. 

The  inhabitants  should  also  be  clearly  made  to  understand  that 
absolute  obedience  on  their  part  to  all  the  regulations  ordered  to  be 
observed  by  the  Governor  is  necessary.  Amongst  these  regulations 
it  should  be  stated  that  every  inhabitant  who  goes  out  at  night  must 
carry  a  lighted  lantern,  and  that  at  any  night  alarm  in  the  town  every 
house  is  to  have  its  windows  lighted  up ;  also  that  no  one  is  to  change 
his  residence  without  permission. 

The  Proposed  Organization  of  the  Military  and  Civil  Services  for 
Carrying  Out  the  Defence. — The  Governor's  dictatorship  over  the 
fortress  and  its  environs,  including  the  civil  population,  confers  on 
him  duties  so  numerous  and  extended  that  it  is  impossible  for  him 
alone  to  cope  with  the  task,  for  he  has,  in  addition  to  these,  to 
direct  the  military  operations  of  the  defence.  This  last  duty  exacts 
so  much  time,  energy,  work,  intcUigencei  and  force  of  character, 
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that  besides  the  G.R.A.  and  C.R.E.,  he  should  have  on  his  staff  ao 
Officer  Commanding  the  Troops.  These  three  officers  are  individuallj 
responsible  for  the  preservation  of  the  fortress,  and  they  determine 
on  the  plan  of  defence  under  the  direction  of  the  Governor. 

As  regards  the  organization  of  all  the  rest  of  the  works  to  be 
done,  it  should  be  carried  out  on  the  basis  of  leaving  all  the  deUOs 
to  officers  who  act  as  the  Governor's  deputies ;  and  he  will  onlj 
intervene  personally  in  the  various  branches  of  the  adminisU-ative 
services  in  order  to  exercise  the  supreme  direction,  and  decide  finalij, 
after  having  taken  the  personal  opinions  of  his  assistants. 

A  siege  is  only  a  prolonged  battle,  and  consequently  we  see, 
especially  after  what  has  been  said  in  the  foregoing  pages,  that  ihe 
rdle  of  the  town  that  is  being  defended  should  be  that  of  a  base  of 
supply  for  the  troops  fighting  outside  of  it.  Consequently  this  base 
should  be  put  under  a  distinct  commander,  who  would  be  called  xhs 
Tovm  CommandarU,  fie  should  have  complete  charge  of  the  town  (the 
limits  of  which  should  be  defined),  and  be  given  a  sufficiently  strong 
armed  force  to  enable  him  to  carry  out  his  duties. 

As  regards  the  military  organization,  the  line  of  detached  forts, 
i.e.,  the  main  line  of  defence,  is  divided  up  into  sections,  according 
to  the  natural  accidents  of  the  ground,  facility  of  communicatioDi, 
etc.  The  garrison  proper  is  also  divided  up  into  the  same  number 
of  parts,  though  the  strength  of  the  various  sub-divisions  will  uoi 
necessarily  be  the  same,  and  each  part  will  be  allotted  to  tbe 
section  for  w^hich  its  strength  has  been  calculated.  A  separate 
commander  will  be  appointed  to  each  detached  fort  and  secdon. 
The  actual  number  of  troops  placed  in  the  different  sections 
depends  on  the  relative  importance  of  each,  and  their  relative 
advantages  and  disadvantages  for  battle  purposes.  If  the  sections 
are  too  large  in  extent,  their  respective  commanders  cannot  exercise 
an  efficient  control  over  them  ;  if  they  are  too  small  in  extent,  then 
the  transmission  of  orders  is  rendered  more  difficult,  and  the  control 
of  the  Governor  is  weakened.  The  troops  in  each  section  are 
divided  up  into 

1.  Outposts. 

2.  Working  parties. 

3.  Fatigue  parties. 

4.  Section  reserves. 

5.  Garrisons  for  the  detached  forts. 

Of  these,  the  first  four  sub-divisions  will  relieve  one  another 
periodicall}'.     Besides  these,  there  will  be 
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6.  Special  reserves  (when  necessary)  for  reinforcing  specially 
dangerous  points. 

7.  A  general  reserve  or  mobile  field  force. 

8.  Guard  troops  for  guarding  the  town,  and  for  maintaining 
order  in  it. 

The  guard  troops  for  the  town  will  be  placed  under  the  command 
of  the  Town  Commandant.  The  special  reserves  (if  any)  and  the 
general  reserve  should  be  placed  under  distinct  commanders,  as 
these  reserves  are  either  for  a  special  use  or  for  temporary  use  on 
any  portion  of  the  line  of  defence.  In  a  very  large  fortress  the 
general  reserve  may  be  grouped  into  two  or  more  distinct  bodies, 
each  under  its  own  commander,  and  each  with  an  allotted  sphere  of 
action. 

All  these  various  commanders  will  have  command  over  all  the 
arms  and  services  working  within  the  limits  of  their  respective 
commands,  and  each  should  be  given  a  sufficient  number  of  staff 
and  departmental  officers  suited  to  the  magnitude  of  the  work  to  be 
done.  Thus  every  section  should  have  its  artillery,  engineer,  medical, 
and  supply  officers,  each  under  a  local  head.  The  fort  and  section 
commanders  should  be  supplied  with  telegraph  operators  as  well,  if 
they  are  in  telegraphic  communication  with  the  Governor's  head- 
quarters. Then  there  will  be  in  rear  in  the  town,  or  in  its  vicinity, 
the  great  parks  or  dep6ts  of  the  artillery,  engineers,  supply  and 
transport  services,  and  also  the  hospitals — all  under  the  Town 
Commandant  Between  these  and  the  front  vnll  be  the  com- 
munication service — railway,  tramway,  roads,  canal,  river,  telegraph, 
telephone,  etc. — which  should  also  be  placed  under  the  control  of 
the  Town  Commandant  to  ensure  its  efficient  working  with  the 
supply  depdts  and  parks  in  the  town. 

As  regards  the  organization  for  the  administrative  services,  they 
fall  into  two  categories — 

1.  The  Governor's  staff,  for  fighting  purposes. 

2.  The  Town  Commandant's  staff,  for  administrative  purposes. 
The  Governor's  Staff. — The  Governor  would  naturally  have  on  his 

staff  the  O.C.'the  Troops,  the  CRA,  and  the  C.R.K 

1.  The  O.C.  the  Troops  should  be  of  such  a  rank  as  to  be  the 
second  in  command,  and  ready  to  replace  the  Governor  should 
anything  happen  to  him.  With  the  Governor's  approval,  he  would 
direct  all  the  offensive  operations  of  the  troops  of  the  garrison, 
especially  such  enterprises  as  aim  at  hindering  the  enemy's  march 
and  disputing  the  approaches,  as  well  as  the  execution  of  all  sorties. 
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He  decides  the  outpost  line,  while  satisfying  the  demands  of  tbe 
section  commanders  when  these  demands  have  been  found  to  be 
well-grounded.  He  should  have  on  his  stafi  a  sufficient  number  of 
staff  officers,  A.D.Cs,  and  orderlies,  for  his  work,  besides  clerks. 

2.  The  C.R.A.  is  the  Governor's  adviser  on  all  tactical  and 
technical  questions  concerning  the  artillery.  He  also  is  reponsibie 
for  the  work  of  the  artillery  park,  and  of  the  gun  and  shell  and  iba 
powder  factories,  and  has  charge  of  the  magazines  and  laboratories. 
It  is  his  duty  to  decide  on  the  measures  to  be  taken  for  arming  the 
works  in  accordance  with  the  plan  elaborated  during  peace  time. 
In  oonjunction  with  the  C.B.E.  and  the  Grovemor,  he  decides  on  the 
positions  for  the  batteries  to  be  constructed.  He  arranges  for  the 
distribution  of  the  ordnance  at  his  disposal,  and  assigns  to  various 
batteries  their  rdle  in  the  fight.  He  issues  the  necessary  orders 
for  the  nature  of  the  fire  to  be  employed  so  as  to  prevent 
waste  of  ammunition,  and  arranges  for  the  replacing  of  the  lattar 
as  it  is  expended.  It  is  his  duty  to  made  the  necessary  reoon- 
naissances  for  finding  out  the  intention  of  the  attackers,  and  to  pro- 
pare  to  meet  tham ;  and  he  should  also  decide  where  ho  wants  the 
ground  lit  up  in  front  at  night  by  means  of  the  electric  light,  when 
this  is  available.  He  must  keep  a  daily  journal  of  his  operations,  in 
which  should  be  entered  the  expenditure  of  guns  and  ammunitioD, 
and  he  should  be  able  to  give  each  day  to  the  Governor  an  exact  report 
as  to  the  state  of  the  artillery  matSriel  in  his  charge.  He  has  under 
his  orders  some  of  the  organized  companies  of  civilian  workmen  and 
of  transport  He  requires  a  sufficient  number  of  assistants  and 
clerks  for  all  this  work. 

3.  The  G.RK  is  the  Governor's  adviser  in  all  tactical  and  techni- 
cal questions  concerning  the  work  of  the  engineers  of  the  garrison. 
He  is  also  responsible  for  the  due  efficiency  of  the  engineer  park  and 
its  workshops,  the  railway  service,  the  telegraph  service,  the  genenl 
water  supply,  and  for  the  provision  of  tools,  material,  and  labour 
required  for  the  various  works.  He  should  make  a  daily  recon- 
naissance of  the  works  of  the  attack  to  try  and  ascertain  what  the 
attackers  are  next  going  to  do,  and  try  and  carry  out  the  CRA^'s 
wishes  with  regard  to  the  electric  search  light  for  enabling  the 
artillery  to  fire  with  effect  at  night  or  to  allow  of  a  watch  being  kept 
on  the  enemy's  movements  and  works.  He  should  keep  a  daily 
journal  of  all  that  takes  place  in  his  department,  and  be  able  to  give 
the  Governor  each  day  an  accurate  report  of  the  state  of  the  malind 
in  his  charge.     Under  his  orders  are  placed  some  of  the  organised 
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companies  of  civilian  workmen  and  of  transport.  He  requires  a 
large  number  of  assistants  and  clerks  to  enable  him  to  carry  out  his 
multifarious  duties. 

4.  Besides  these  three  officers  the  Governor  should  have  on  his 
st&if  the  officer  in  charge  of  the  Intelligence  Department.  This 
Intelligence  Officer  has  to  collect  and  examine  all  the  reports  that 
are  sent  in,  and  to  submit  his  conclusions  to  the  Governor. 
This  officer  should  have  under  his  orders  all  the  observing  towers^ 
the  balloons  that  have  been  made  and  aeronauts,  the  spies,  the 
secret  police,  and  the  homing  pigeon  service.  Under  him  also 
should  be  placed  the  photographic  service,  the  printing  press  and 
press  censorship.  He  draws  up  and  issues  all  the  official  intelligence, 
regulations,  appeals  to  the  public,  etc.,  that  the  Governor  tbinks 
necessary  tc  publish.  He  makes  out  the  correspondence  in  cypher. 
For  all  these  purposes  he  requires  a  suitable  staS  of  officers  and 
clerks. 

Besides  the  above,  some  minor  staff  officers,  A.D.C.s,  clerks, 
telegraphers,  and  orderlies  are  necessary  to  complete  the  Governor's 
stafl. 

The  minor  staff  officers  are  required  for  carrying  out  the  Governor's 
correspondence,  and  for  keeping  up  the  daily  journal  of  the  defence, 
in  which  is  entered  all  the  military  dispositions  taken  for  the  safety 
and  defence  of  the  fortress,  as  well  as  all  events  that  may  influence 
the  defence. 

The  Governor  should  also  be  in  close  connection  with  the  mayor 
of  the  place.  In  fact,  it  would  often  be  advisable  to  make  the 
mayor  an  honorary  member  of  the  Governor's  staff,  not  only  from 
the  good  effect  it  would  have  on  the  civil  population,  but  also  from 
the  possibility  of  using  the  mayor  as  his  intermediary  with  the 
-townspeople  for  many  purposes.  The  Governor  can  explain  to  the 
mayor  the  reason  and  objects  of  his  measiu'es  and  regulations,  and 
then  allow  the  mayor  to  explain  these  to  the  populace. 

The  Governor  alone  should  have  power  to  replace,  on  account  of 
incompetency,  any  of  the  officers  who  have  been  appointed  to  any 
command  or  to  any  position  on  the  staff. 

In  order  to  ensure  obtaining  support  and  counsel,  the  Governor 
should  form  two  Councils  of  Defence^  which  he  will  assemble  when- 
ever he  considers  necessary. 

The  Special  Council  of  Defence  would  be  composed  of  the 
Gk)vernor  as  president,  and  the  O.C.  the  Troops,  the  C.H.A.,  the 
^C.RK)  and  the  Intelligence  Officer  as  members. 
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The  Oeneral  Council  of  Defence  would  be  composed  of  ihe  above 
officers,  and  also  of  the  Town  Commandant,  the  President  of  the 
Board  of  Health,  the  heads  of  the  various  arms  and  administratin 
departments,  and  the  section  commanders.  But  this  would  not  pre- 
vent the  Governor  ordering  the  heads  of  any  of  the  special  or  minor 
services  (such  as  the  chief  of  the  police,  etc.)  to  be  present  to  express 
their  opinions,  without,  however,  their  taking  part  in  the  deliberatiuos. 

The  Special  Council  of  Defence  would  only  (^eal  with  the  military 
affairs  of  the  fortress,  and  as  a  siege  is  only  a  prolonged  battle,  this 
Council  would  only  be  composed  of  combatant  officers  and  the 
officer  who  supplies  the  intelligence  that  they  have  to  work  on. 
The  Ceneral  Council  of  Defence  would  only  deal  with  the  adminis- 
trative affairs  of  the  fortress.  But  it  must  never  be  forgotten  that 
the  Governor  alone  is  absolutely  responsible  for  everything  that  is 
done.  And,  consequently,  the  rdle  of  the  above  councils  can  only 
be  (1)  to  act  as  a  means  of  informing  the  Governor  accurately  of  all 
that  is  going  on,  and  of  ail  that  is  required  to  be  done  ;  and  (2)  to 
act  as  a  means  oi  enabling  the  Governor  to  inform  his  subordinates 
of  his  aims  and  objects,  so  that  all  may  work  together  to  a  common 
end. 

It  is  always  the  Governor  alone  who  decides  at  last.  Thtt 
prerogative  and  responsibility  is  indispensable  for  unity  of  aim  and 
the  exercise  of  authority.  There  is  only  one  recognized  exceptioo 
to  this  rule,  viz.,  when  the  Governor  considers  that  a  capitulation  b 
necessary.  In  such  a  case,  even  when  the  want  of  provisions  and 
of  means  for  continuing  the  defence  appears  to  justify  this  extremity, 
the  consent  of  those  who  compose  the  Special  Council  of  Defence 
must  be  obtained  as  well. 

It  is  important  to  let  every  member  of  the  above  councils  knov 
that  the  Governor  will  bear  the  full  responsibility  of  all  that  is  doD& 
If  this  is  not  the  case  the  gi'eater  part  of  those  called  to  the  conncfl 
will  attend  with  the  fixed  idea  of  compromising  themselves  as  littJe 
as  possible  by  any  expression  of  their  real  opinions.  This  explains 
why  so  many  councils  of  defence  in  past  sieges  have  been  remark- 
able for  the  timidity  of  their  decisions.  No  person  summoned  to  a 
council  meeting  should  arrive  with  the  idea  that  the  Governor  finds 
himself  in  a  critical  position,  and  that  he  wishes  to  hear  some  advice 
of  which  he  can  make  use,  in  case  of  non-success,  to  cause  his 
responsibility  to  be  divided  with  others,  or  even  to  try  and  throw  it 
on  them  entirely. 

The  true  use  of  a  Council  of  Defence  is  to  enable  the  GrOTemor, 
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by  the  advice  of  its  members,  to  convince  himself  that  his  own 
opinions  are  well  founded,  and  are  not  too  rashly  conceived  in  view 
of  the  means  at  his  disposal. 

The  Town  Commandants  Staff. — In  all  business  not  directly  con- 
nected with  the  military  defence,  the  Town  Commandant  is  naturally 
the  Governor's  deputy.  His  rdle  is  a  double  one,  combining  the 
duties  of  an  officer  commanding  the  base,  and  of  an  officer  com- 
manding the  line  of  communications.  He  commands  the  guard 
troops  placed  in  the  town,  and  is  responsible  for  giving  all  the 
necessary  facilities  required  for  the  execution  of  the  various 
indispensable  administrative  services,  whose  headquarters  should 
always  be  located  within  the  limits  of  his  command.  Under  him 
will  be  the  treasury,  the  various  supply  services  and  their  employees, 
(artillery  and  engineer  parks;  the  gun,  shell  and  powder  factories; 
and  the  commissariat,  ordnance  store,  and  clothing  departments), 
the  hospitals,  stretcher-bearer  companies,  the  fire  brigades,  the 
ci>'il  and  military  police  and  prisons,  the  prisoners  of  war,  the 
military  guards,  the  administration  of  martial  law,  the  sanitary 
condition  of  the  place,  the  disposal  of  the  dead,  the  arrangements  for 
divine  service,  the  municipal  engineering,  and  the  gas  works,  the 
control  of  the  civilian  workmen  variously  employed  in  organized 
companies  or  otherwise,  the  supervision  of  the  requisitioned  trans- 
port service,  the  working  of  the  communications  (rail,  etc.),  tele- 
graphs, etc.,  and  all  other  duties  that  may  arise. 

To  enable  him  to  efficiently  carry  out  these  multifarious  duties, 
military  history  shows  that  it  is  very  necessary  to  exercise  a  minute 
control  over  those  employed  in  the  administration,  and  to  indis- 
solubly  bind  their  lot  with  that  of  the  fortress.  Consequently  it  is 
only  reasonable  in  the  interests  of  the  defence  that  all  the  em- 
ployees of  the  administrative  services  should  be  subordinated  to  the 
authority  of  the  Tovm  Commandant  and  his  assistants,  as  the  only 
way  of  impressing  a  single  impulse  to  all  the  parts  of  this  great 
war  machine,  and  to  ensure  that  no  regulation  or  order  is  lost  sight 
of,  or  altered,  or  spoilt  from  negligence,  indolence,  or  narrowness  of 
mind. 

The  Town  Commandant  requires  several  assistants  to  carry  out  the 
various  duties  entrusted  to  him  for  execution.  These  duties  should 
be  divided  up  and  placed  under  the  charge  of  responsible  heads. 
These  may  be  as  follows  : — 

1.  The  Town  Major  would  control  the  garrison  companies  and 
guard  service,  the  civil  police,  all  prisoners  and  prisons,  including 
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prisoners  of  war,  turnkeys,  the  fire  brigades,  bariak,  divine  ^rriee, 
the  clergy,  etc.  He  would,  in  fact,  undertake  the  entire  administn- 
tion  of  the  place,  and  see  that  all  the  regulations  ordered  by  the 
Governor  are  carried  out 

2.  The  Board  of  Health  has  duties  of  the  highest  kind  to  perfcvm. 
Its  President  should  be  an  experienced  and  energetic  retired  officer  of 
high  rank.  This  Board  should  have  free  power  to  go  everywhere,  and 
visit  every  place — the  places  where  the  troops  are  housed,  the  hos- 
pital, the  supply  depdts,  the  cook-houses,  washing  places,  disinfecting 
places,  burial  places,  bathing  places,  canteens,  workshops,  cattle  hoes, 
stables,  slaughter-houses,  etc. — and  report  on  their  sanitarj  conditioD, 
on  the  quality  of  the  food  and  cooking,  on  remedial  measures  required 
to  be  taken,  etc.,  etc.  The  President  of  the  Board  should  have  power 
to  correspond  directly  with  the  executive  officers  of  the  medical, 
veterinary,  and  engineer  services  and  with  the  Town  Major,  with 
a  view  to  a  rapid  and  prompt  execution  of  the  recommendations  of 
the  Board. 

3.  The  municipal  engineer  will  have  charge  of  all  the  engineering; 
sanitary,  water,  and  lighting  works  in  the  place.  His  technical 
head  is  the  C.R.E. 

4.  The  officer  in  charge  of  the  commissariat  would  have  charge  of 
the  supplies  of  food,  forage,  fuel,  etc.,  of  ail  kinds  and  of  the  slan^ 
ter  cattle  yards.  He  would  also  arrange  for  the  cooking  of  all  food 
issued  (if  such  a  course  is  decided  on).  If  he  has  no  transport  told 
off  permanently  to  him,  he  will  apply  to  the  officer  in  charge  of  the 
transport  to  send  what  is  required. 

5.  The  officer  in  charge  of  the  ordnance  store  also  undertakes 
the  repair  of  all  war  material,  and  has  charge  of  the  necessary 
workshops  and  artificers. 

6.  The  officer  in  charge  of  the  clothing  department  also  takes 
charge  of  the  washing  and  repairing  of  clothes  and  boots. 

7.  The  principal  medical  officer  has  charge  of  all  the  hospitals, 
and  their  accessories,  and  of  the  stretcher-bearer  companies.  He 
should  also  be  made  responsible  for  the  disinfecting  service. 

8.  The  officer  in  charge  of  the  artillery  park  has  charge  of  t^ 
workshops  connected  with  it,  and  the  civilian  workmen  employed 
therein.     His  technical  head  is  the  C.R.A. 

9.  The  officer  in  charge  of  the  engineer  park  has  charge  of  the 
workshops  connected  with  it,  and  of  the  civilians  employed  in  them. 
His  technical  head  is  the  C.R.E. 

10.  The  director  of  railway  communications  has  charge  of  the 
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yards  and  workshops  and  civilian  workmen  required  for  the  efficient 
execution  of  his  duties.     His  technical  head  is  the  C.R.K 

11.  The  director  of  telegraphs  will  be  in  charge  of  all  the  elec- 
trical communications  and  of  the  workshops  required  for  the  repair 
and  maintenance  of  this  service;  his  technical  head  is  the  G.It.E. 

12.  The  superintendent  of  the  gun  and  shell  factory ;  his  technical 
head  is  the  C.R.A. 

13.  The  superintendent  of  the  powder  factory;  his  technical  head 
is  the  C.B.A. 

14.  The  superintendent  of  the  balloon  factory. 

15.  The  officer  in  charge  of  transport  will  have  charge  of  all  the 
animals  and  waggons  assembled  at  the  transport  stations,  and  he  will 
promptly  execute  all  orders  received  for  the  conveyance  of  stores  and 
materials.  He  wiU  have  organized  companies  of  workmen  to  assist 
him. 

16.  The  principal  veterinary  officer  will  be  responsible  for  the  sani* 
tary  state  and  health  of  the  draught  and  slaughter  animals  in  the 
place. 

17.  The  paymaster  in  charge  of  the  treasury  chest  makes  all 
the  pajonent  for  the  various  departments  and  issues  money  to  them 
for  wages,  and  collects  the  receipts.  Frequent  inspections  of  the 
treasury  chest  are  necessary  to  check  any  thefts. 

18.  The  president  of  the  standing  court-martial  will  have  to  try 
all  civilians  or  soldiers  who  disobey  the  orders  issued  by  the 
Grovemor  or  any  of  his  deputies,  who  force  sentries,  who  excite  dis- 
couragement or  discontent  or  who  do  prejudice  in  any  way  to  the 
defence  of  the  fortress. 

19.  The  superintendent  of  civil  labour,  who  will  be  responsible 
for  investigating  all  cases  of  absence  from  work,  and  for  ordering 
the  police  to  bring  the  delinquents  up  for  punishment  if  necessary. 

In  addition  to  the  above  officials,  the  Town  Commandant  and 
the  heads  of  the  various  departments  under  him  will  require  a  certain 
number  of  staff  officers,  clerks  and  orderlies  to  carry  on  their 
correspondence,  and  to  keep  up  their  respective  daily  journals, 
account  books,  store  ledgers,  etc. 

The  above  proposed  organization^  gives  a  definite  responsibility 
to  each  of  the  authorities  in  the  fortress  who  may  have  anything  to 
do  with  the  defence  of  the  pla<je  and  the  administration  of  the  town. 

*  This  organization  ia  only  a  suggested  one.  Someone  may  probably  be 
able  to  suggest  a  better  one  now  that  the  subject  is  brought  forward. 
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By  such  an  organization,  by  the  creation  of  garrison  companies  and 
of  auxiliary  companies  of  workmen  and  sti-etcher  bearers,  and  by  ^ 
adoption  of  all  the  other  measures  suggested,  the  soldiers  and  tiie 
civilian  population  of  the  place  will  be  led  to  firmly  believe  in  die 
durability  of  the  resistance.  This  confidence,  which  can  only  h 
established  by  means  of  the  minute  measures  of  precaution  taken 
for  the  defence  of  the  place,  can  only  engender  in  the  one  and  in  die 
other  the  conviction  that  the  place  will  successfully  resist  the 
enemy's  efforts  to  capture  it.  If  this  conviction  is  deeply  rooted  ia 
the  hearts  of  the  defenders,  success  will  not  fail  to  crown  thdr 
combined  efforts. 

It  is  not  in  the  province  of  this  paper  to  consider  if  the  existiBg 
laws  of  the  country  are  such  as  will  give  the  (xovemor  of  a  fortreas 
the  full  powers  required  to  carry  out  effectively  the  enormoos 
responsibility  laid  on  him,  and  to  rise  to  the  high  level  of  the 
national  duty  he  has  to  perform.  But  this  point  shcmld  be  seriously 
considered  and  provided  for,  if  necessary,  by  Parliamentary  legfe- 
lation.  However,  it  may  be  stated  that  a  French  engineer 
officer,  Lieut.-Colonel  F.  Prevost,  has  pointed  out  that  some  of  tke 
chief  causes  of  the  rapid  fall  of  the  French  fortified  places  in 
1870-71  were  (1)  the  presence  of  a  large  and  useless  civilian  popok- 
tion,  which  often  clamoured  for  capitulation  directly  a  bombardment 
took  place ;  (2),  the  absence  of  a  sufficient  amount  of  bomb-proof 
cover,  not  only  for  the  troops,  but  also  for  the  stores,  hospitals,  and 
civil  population  ;  and  (3)  the  absence  of  sufficient  preparations  and  as 
inadequate  supply  of  provisions  and  stores.  Most  of  these  plac^h 
may  be  said,  were  not  provided  with  outlying  detached  forts  to  keep 
the  enemy's  batteries  at  a  distance  from  the  town.  And,  in  order  to 
reduce  the  demand  for  bomb-proof  cover,  and  the  amount  of  supplies 
to  be  collected  and  the  danger  arising  from  the  presence  of  an 
unemployed  and  easily  excited  unprotected  civil  population,  Lieut- 
Colonel  Prevost  demands  that  the  laws  of  the  country  shcaki 
formally  order  the  expulsion  of  all  useless  mouths  from  a  besieged 
fortress,  and  that  a  daily  allowance  should  be  made  by  the  Govemmeot 
for  the  support  of  those  who  have  been  thus  expelled  for  the  benefit  of 
the  defence.  He  also  advocates  an  indemnity  being  given  to  those 
civilians  who  have  been  wounded  during  the  defence,  to  the  famifa'es 
of  those  civilians  who  have  been  killed,  and  to  the  owners  of  anr 
property  that  has  been  damaged  during  the  siege.  Such  legislatire 
prescriptions,  he  considers,  would  have  a  very  great  influence  in 
ensuring  the  best  conditions  for  the  execution  of  a  good  defence. 
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'  In  the  foregoing  pages,  no  special  effort  has  been  jnade  to 
emphasize  any  one  part  of  the  suggested  preparatory  measures  more 
than  another.  But  it  may  be  here  pointed  out  that  even  a  slight 
acquaintance  with  the  history  of  past  sieges  will  show  the  necessity 
of  laying  special  emphasis  on  the  following  points : — 

(a).  The  early  and  adequate  provision  of  all  kinds  of  supplies 
(warlike,  food,  water,  fuel,  .clothing,  etc.)  for  the  troops  and  civil 
population  in  a  fortress  likely  to  be  besieged. 

(h).  The  employment  of  the  civilian  population  in  a  besieged 
fortress  on  administrative  works. 

-  (c).  The  expulsion  of  every  person  from  a  fortress  on  the  point  of 
being  besieged  who  cannot  assist,  directly  or  indirectly,  in  its 
defence. 

(d).  The  provision  of  ample  bomb-proof  cover  for  the  purpose  of 
shelter  and  hospital  accommodation. 

(e).  The  provision  of  adequate  measures  for  the  extinction  of  fii*es^ 
and  the  disposal  of  the  dead  bodies  of  men  and  animals,  etc. 

(/).  The  employment  of  a  secret  police  as  a  check  on  hostile 
spies,  correspondence  with  the  enemy,  conspiracies,  revolts,  etc. 
during  the  siege. 

Concluding  Bemarks. — On  page  265  it  was  stated  that  the  defence 
of  every  fortress  should  be  conducted  in  such  a  manner  as  to  draw 
on  to  itself  the  greatest  number  possible  of  the  enemy's  troops. 
This  object  can  be  most  effectively  attained  by  making  the  troops  of 
the  garrison  as  free  as  possible  for  offensive  action,  and  it  has  been 
the  purpose  of  this  paper  to  show  how  this  can  best  be  done  by 
relieving  the  troops  of  nearly  all  the  administrative  work,  which  has 
to  be  done  by  some  one,  and  employing  civilian  labour  in  their  place 
for  this  essential  duty.  In  fact,  it  may  be  asserted  that  the  absolute 
necessity  for  so  employing  the  civilian  population  in  a  fortified 
place  has  been  clearly  demonstrated  for  the  purpose  of  keeping 
them  from  spreading  discontent  among  the  troops,  and  so  demoraliz- 
ing them. 

The  best  conditions  for  enabling  a  prolonged  and  stubborn  defence 
have  been  sketched  out  in  the  preceding  pages,  but,  as  Marshal 


*  See  Appendix  11.    This  subject  is  so  important  that  Napoleon  used  to  make 

3)ecial  reference  to  it  in  the  **  lietters  Patent "  he  issued,  when  appointing  a 
ovemor  to  a  fortified  place.  Fires  during  a  siege  are  usually  due  to  the 
shells  of  the  enemy's  bombarding  batteries.  The  moral  effect  of  a  bombard- 
ment is  always  very  considerable  on  the  civilian  population,  and  it  is  important 
to  prevent  it  being  added  to  by  a  serious  material  effect. 
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Yauhan  has  pointed  oat,  during  a  long  peaise  those  most  oonceriMd 
in  the  provision  of  these  conditions  often  forget  that  the  fottceB 
may  some  day  or  other  be  besieged,  and  thus  do  not  pay  any  attoD- 
tion  to  them.  The  rapidity  and  ease  with  which  the  majority  d 
the  French  fortresses  fell  in  1870-71  affords  a  striking  example  (i 
the  disastrous  effects  of  inadequate  and  one^ded  prepantiooa, 
of  timid  or  unexperienced  Governors^  and  of  insufficient  gam- 
sons  in  respect  to  both  quantity  and  quality.*  The  preparatoy 
measures  that  have  been  suggested  only  afford  the  meaoa  for 
subsequent  vigorous  action.  This  should  be  clearly  remembered. 
They  are  nothing  in  themselves.  They  only  afford  favourable  con- 
ditions for  a  defence,  and  as  such  have  a  most  powerful  influence  oa 
the  conduct  of  the  defence. 

Now  supposing  the  above  organization  to  have  been  effected,  and 
the  necessary  supplies  and  transport  collected  and  stored  for  the 
proper  defence  of  the  fortress,  what  next  ?  Industry  having  played 
its  part  in  affording  fawwrcMe  conditions  for  the  defence,  and  for 
making  the  fortress  play  an  offensive  r6le^  it  now  remains  for  vd»s 
to  make  use  of  these  favourable  conditions.  Industry  alone  is  ^ 
little  value,  and  valour  alone  is  also  of  little  value. .  If  nothing  ^ 
been  collected  or  prepared,  then  the  greatest  valour  shown  in  tlK 
defence  cannot  prevent  starvation ;  if  there  is  no  valour  shown  in 
the  defence,  the  greatest  accumulation  of  stores  and  administratis 
ability  possible  cannot  prevent  the  fall  of  the  place.  What  if 
required  is  industry  and  valour  combined,  and  it  is  only  when  thej 
are  usefully  and  adequately  associated  that  the  best  resnlts  iR 
obtained.! 

The  first  condition  for  a  good  defence,  both  as  regards  valour  aal 
industry,  is  an  experienced,  determined,  and  brave  Qovemor.   Tb  ^ 
fact  is  verified  again  and  again  in  military  history.     One  of  the  cW 
causes  of  failure  of  fortresses  has  been  a  weak  or  timid  Qovernor,  f b» 

♦  See  ITAe  Siegt  Operations  tn  <Ae  Campaign  Against  France,  1870-71,  i? 
von  Tiedemann  (translated  by  Major  Tyler,  RR.),  and  Un  Fortrf 
i^n^ufes  pendant  la  Ouerre  de  1870-71,  by  Lieut.  -CoL  F.  Prevost.  Both  ^ 
m^„^  .?  ^?^  *™P^e  illustrations  as  to  the  value  of  many  of  theprepMsW? 
'"I'^jf^^.^J^^t  have  b^n  advocated. 

nl  tL  !/i^®"*  contained  in  this  paragraph  have  been  token  from  Otf><' 
offic^  fjyV!^  ^^  ^^^  f<^9  -  a  work  that  should  be  studied  by  fj  , 
t^  d^fl«  J  r  *^i"y  ^  ^«  ^ants  to  learn  the  principles  that  should  uixte^  | 
for  the  W ""« **  fortified  pUce.  This  work  was  written  by  order  of  Napde-^ 
that  o^nSf^f  v""^  ^^«  ^«°«J»  officers  of  aU  arms,  and  it  was  so  widd/if 
the  French  H„  •  ^ff®  ^^^^  in  almost  every  place  that  had  been  occupW? 
''ncn  aunng  thejr  disastrous  retreat  from  Russia  in  1812. 
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has  failed  to  rise  to  the  height  of  his  duty,  or  to  comprehend  the 
necessity  to  maintain  the  defence  to  the  last  moment  possible,  in 
order  to  make  the  fortress  play  its  proper  7'd/tf  in  the  war.  (Jther 
causes  of  failure  have  been  too  small  a  garrison,  absence  of  discipline 
and  training  among  the  defenders,  insufficiency  of  armament  and  of 
ordnance,  or  of  food  or  water  supplies,  etc.  But  such  causes  are 
usually  chiefly  due  to  a  defective,  peace  preparation,  though  a  good 
Governor  can  do  much  to  minimize  these  effects. 

However,  the  standard  rule  for  the  defence  of  eveiy  fortress  must  be 

NEVBR    10  CAPITULATE  SO  LONG  AS    MEN,  MATERIAL,  AND  SUPPLIES 

LAST  OUT.  There  is  but  one  exception  to  this  rule  that  has 
been  admitted  by  some  military  writers,  viz.  : — When  the  outer  works 
of  the  enceinte  or  central  locality  have  been  carried  by  assault,  as 
well  as  any  interior  entrenchments  that  have  been  thrown  up  to 
localize  the  effect  of  any  such  successful  assault,  then  before  the  la^t 
of  the  interior  entrenchments  is  assaulted  a  capitulation  may  bo 
arranged  for,  in  order  to  procure  favourable  terms  for  the  civil  popu- 
lation of  the  place.  But  Napoleon  I.  would  not  allow  even  this 
exception,  as  this  can  be  seen  by  the  orders  he  issued  to  the  officers 
he  appointed  as  Governors  to  his  fortified  places.*  And  it  is  pro- 
bably to  these  or  similar  orders  that  the  Duke  of  Wellington 
alludes,  when,  in  his  despatch  of  the  10th  September,  1813, 
announcing  the  capture  of  the  castle  of  San  Sebastian,  he  says, 
- "  Under  the  ordonnance  recently  issued  by  the  French  Government, 
the  difficulties  of  the  operations  of  a  siege,  and  the  length  of  time  it 
must  take,  are  greatly  increased,  and  they  can  be  brought  to  a 
conclusion  only  by  the  storm  of  the  breach  of  the  body  of  the 
place." 

The  enemy  on  first  appearing  before  a  fortress  will  summon  the 
garrison  to  capitulate,  and  will  often  accompany  the  summons  with 
the  most  direful,  threats.  When  this  happens  it  must  be  remembered 
that  history  shows  that  the  usual  cause  of  such  threats  is  the  inability 
on  the  part  of  the  enemy  to  carry  out  a  regular  siege,  and  that  the 
threats  are  only  an  effort  to  so  intimidate  either  the  Governor,  the 
garrison,  or  the  civil  population,  or  all  three  together,  as  to  cause  the 
immediate  surrender  of  the  place. 

We  have  lately  read  the  accounts  of  the  defence  of  Chitral,  and 
we  have  justly  given  duo  praise  to  the  gallantry  displayed  by  all 

*  See  Appendix  U.,  which  gives  two  examples  of  "  Letters  Patent"  issued  by 
Napoleon  1.  to  two  officers  whom  ho  appointed  as  Governors  to  Sas  de  Grand 
(1809)  and  Antwerp  (1809)  respectively. 
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concerned.  But,  after  what  has  been  considered  in  this  paper,  it  will 
be  readily  seen  that,  on  account  of  the  wise  measures  adopted  for 
the  internal  administration  of  Chitral,  and  which  undoubtedly  largely 
contributed  to  the  duration  of  the  defence,  an  equal  amount  of 
praise  should  be  accorded  to  the  common  sense  shown  by  the  officer 
conducting  the  defence  and  his  associates.  Engineer  officers  should 
especially  accord  this  praise,  for  they  will  always  have  a  large  part 
to  play  in  all  defences,  both  in  administrative  and  executive  capaci- 
ties, and  they  should  always  bear  in  mind  Napoleon's  reply,  when  he 
was  asked  what  special  quali6cations  are  required  of  an  engineer 
officer :  *'That  rare  virtue,  common  sense."  The  administrative  re 
quirements,  both  as  regards  supply  and  organization,  of  a  fortress 
are,  as  we  can  see,  but  matters  of  common  sense,  and  it  may  k 
the  duty  of  any  engineer  officer,  whose  special  duty  it  is  to  con- 
sider such  matters,  to  advise  the  Governor  of  a  fortified  place  on  all 
matters  relating  to  or  affecting  its  efficient  defence  in  every 
respect. 

And  once  again  let  it  be  repeated  that  the  gtiiding  principle  of 
every  defence  should  be:  "Never  to  capitulate  so  long  as  any  means^ 
however  small,  for  continuing  the  defence  exists."  We  may  quote, 
on  this  point,  the  example  of  Marshal  Fabert,  who  said :  "  If,  in  order 
to  save  a  fortress,  entrusted  to  me  by  my  sovereign,  from  falling  into 
the  hands  of  an  enemy,  it  were  only  necessary  to  place  on  the  breach 
myself,  my  family,  and  all  I  possess,  I  should  not  hesitate  one  iik> 
stant."  Another  example  to  be  imitated  is  that  of  the  brave  D'Esse 
de  Montalembert,  who,  even  when  very  sick,  undertook  the  defence 
of  Th^rouanne  at  the  request  of  his  king  with  these  memorabk 
words:  " Sire,  with  a  brave  and  loyal  heart  I  fly  to  my  post.  I  have 
heard  that  the  place  is  ill  supplied,  has  no  entrenchments,  and  is  not 
even  provided  with  what  is  necessary  to  repair  the  works.  Never- 
theless, when  you  hear  that  Th^rouanne  is  taken,  then  be  assured 
that  D'Ess6  is  cured  of  his  sickness,  and  is  dead."  And  so  it  canM 
to  pass,  for  he  was  killed  on  the  breach,  by  a  musket  shot,  during  the 
assault. 

The  value  of  one's  life  is  to  be  measured  not  only  by  what  is 
accomplished  during  its  duration  for  the  benefit  of  one's  coimtry  and 
humanity  at  large,  but  also  by  its  motive  principles.  Life  is  nothing 
in  itself;  only  death  c*in  fix  upon  it  its  proper  value;  and  the  defenders 
of  our  fortified  places  should  determine,  each  and  all,  that  death, 
should  they  fall,  should  stamp  their  lives  as  "well  spent."  Then,  and 
then  only,  will  they  rise  to  the  level  of  their  high  duties. 
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APPENDIX    I. 

Thk  Bad  Effbcts  of  an  Insufficient  Provision  of  Sanitary, 
Medical  and  Hospital  Services. 

The  defence  of  Torgau  in  the  winter  of  1813  is  perhaps  the  worst 
example  that  can  he  produced  of  the  frightful  effects  that  can  he 
caused  hy  an  insufficient  provision  of  sanitary,  medical  and  hospital 
services.  The  French  troops  enclosed  in  Torgau  not  only  suffered 
the  greatest  privations,  but  were  also  attacked  by  an  epidemic 
that  caused  such  terrible  ravages  in  their  ranks  as  probably  cannot 
be  equalled  in  the  history  of  human  calamities. 

The  privations  of  the  garrison  were  added  to  by  continual 
reductions  being  made  to  the  rations,  in  order  to  make  them  last 
out,  and  even  horseflesh  had  to  be  very  sparingly  issued  towards 
the  last.  Torgau  was  naturally  an  unhealthy  place,  being  situated 
between  the  river  Elbe  and  large  marshes ;  the  water  was  of  very 
bad  quality,  being  hard  and  irony, .and  would  not  cook  vege- 
tables properly,  which  produced  an  aggravated  diarrhoea.  The 
inhabitants  had  a  bad  habit  of  collecting  manure  (stable  and 
human)  in  their  yards,  which  had  no  drainage.  This  added  to  the 
unhealthiness  of  the  place.  The  Governor  issued  orders  about  the 
necessity  of  the  town  being  kept  clean,  but  apparently  nothing  was 
done  to  enforce  them,  which  would  have  required  force,  as  the 
inhabitants  were  in  sympathy  with  the  besiegers,  and  were  not 
willing  to  relieve  the  garrison  of  any  kind  of  work.  The  population 
consisted  of  about  5,000  souls. 

The  troops  in  Torgau  were  composed  chiefly  of  the  convalescent 
men  and  malingerers  of  nine  different  corps  of  the  Grand  Army;  these 
were  organized  into  companies  and  battalions.  Up  to  the  19th 
October,  1813,  2,327  men  had  died,  and  on  the  20th  October  the  garri- 
son (24,650  men)  was  composed  of  15,904  combatants,  1,346  non- 
combatants,  and  7,400  sick  and  wounded.  To  accommodate  these 
latter,  the  inhabitants  of  82  houses  had  been  turned  out,  and  the 
town  hall,  the  wheat  granaries,  the  "  Ch&teau,"  part  of  the  supply 
magazines,  and  the  loft  over  the  royal  stables  had  been  turned  into 
hospitals.  The  existing  hospitals  could  scarcely  accommodate  2,000 
sick. 

In  November  an  average  of  250  deaths  per  day  occurred  in  the 
hospitals,  and  the  garrison  was  reduced  on  the  20th  November  to 
17,142  men,  composed  of  9,682  combatants,  1,271  non-combatant«, 
and  5,189  wounded  or  sick,  giving  a  reduction  in  the  garrison  of 
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7,508  men  in  a  month  ;  of  these  7,089  died  in  the  hoepitak,  and 
419  were  killed  in  action  or  had  deserted.  On  the  24th  December 
the  garrison  consisted  of  only  9,500  men,  with  3,083  sick.  And  on 
the  10th  January,  1814,  when  the  place  capitulated  for  want  of 
food,  there  were  only  8,334  men  in  the  garrison,  with  3,188  sick 
The  total  deaths  that  occurred  from  September,  1813,  to  the  10th 
January,  1814,  was  19,269,  while  938  more  died  after  the  siege  was 
over. 

These  frightful  losses  were  almost  entirely  due  to  an  epidemic, 
which  took  two  distinct  forms — diarrhoea  or  dysentry  and  typhus. 
The  dian'hoea  caused  the  greatest  mortality.  The  discharges  from 
the  body  had  a  corpse-like  odour.  It  chiefly  attacked  the  men  who  had 
been  worn  out  by  continual  marching,  with  night  bivouacs,  during 
a  very  rainy  period,  and  who  had  been  very  badly  fed  at  the  same 
time.  The  effect  of  the  bad  water  in  the  place  has  already  been 
noted.  The  inhabitants  who  had  laid  in  ample  food  supplies  for 
their  own  use,  and  who  were  relatively  well  fed,  were  hardlr 
attacked  at  all  by  this  complaint. 

While  the  diarrhosa  attacked  and  destroyed  the  weak,  yonng 
soldiers,  enfeebled  by  fatigue  and  miseries,  the  typhus,  on  the  other 
hand,  attacked  the  stronger  and  more  robust  men.  It  was  the  same 
in  the  town ;  the  old  people  and  children  were  spared,  while  most 
of  the  victims  of  the  typhus  were  people  of  both  sexes  between  the 
ages  of  20  and  45  years. 

The  effect  of  the  position  of  the  cemetery  being  exposed  to  the 
enemy's  fire  was  that  burials  ceased  to  be  carrii; !  out,  and,  the 
Governor  not  being  able  to  prevent  this,  the  consj'^uence  was  that 
the  corpses  were  placed  anywhere  in  the  streets,  on  the  ramparts,  in 
backyards,  etc.  Luckily,  a  very  intense  cold  froze  the  bodic?,  or 
else  the  epidemic  would  have  been  far  worse.  Many  of  ll.j  i.. -ies 
were  thrown  into  the  Elbe.  After  a  while  a  large  working  party  of 
soldiers  had  to  be  taken  off  the  works  to  bury  in  earth  and  quick- 
lime some  900  bodies  that  had  been  collected. 

The  effect  of  the  epidemic  and  the  privations  of  the  garrison  was 
to  knock  all  the  life  out  of  the  men,  who  became  listless  and  went 
about  with  a  carelessness  that  bordered  on  the  most  absolute 
stupidity.  All  sympathy  for  the  sufferings  of  others  seemed  to  dis- 
appear in  them.  The  actual  cause  of  the  epidemic,  apart  from  the 
bad  feeding  and  fatigues  of  the  soldiers,  was  due  to  the  crowding  ci 
a  great  number  of  individuals  into  confined  places  where  the  air 
could  not  be  renewed,  the  dampness  of  the  locality,  and  the  want  of 
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cleanliness  in  the  tx)wn.  The  atmosphere  in  the  town  was  simply 
reeking  with  animal  emanations.  Towards  the  end  of  the  siege, 
Torgau  itself  was  nothing  but  a  vast  hospital.  At  every  street 
there  were  to  be  seen  dead  bodies  that  had  been  thrown  from  the 
vrindows. 

The  description  given  by  the  German  doctors  of  the  state  of 
things  they  found,  when  the  fortress  capitulated,  is  almost  in- 
credible : — 

"  The  hospitals  had  become  at  Torgau  veritable  caverns  of  death. 
It  had  been  found  necessary  to  place  the  unfortunate  soldiers  so 
close  to  one  another  that  they  almost  touched.  Straw  for  lying  on 
was  wanting,  as  well  as  utensils,  instruments,  medicine,  and  healthy 
food.  But,  in  addition  to  all,  order  and  forethought  were  wanting. 
The  greater  number  of  the  employees,  of  whom  there  were  many, 
performed  their  work  badly.  Thinking  too  much  of  their  own 
miseries,  they  did  not  attend  on  the  sick  soldiers  with  all  the  zeal 
requisite  under  the  circumstances.  It  was  in  vain  that  the  Gk)vemor, 
the  noble  Count  de  Narbonne,  sought  to  raise  the  moral  of  these 
unfortunate  people.  His  frequent  personal  visits,  which  proved 
deadly  to  him,  produced  no  effect.  The  principal  character  of  the 
disease  was  a  diarrhoea  of  a  corpse-like  odour.  In  consequence  of 
little  care  and  surveillance,  the  dirt  became  so  considerable  that 
patients  struggled  in  their  own  excrement  and  rotted  like  living 
corpses.  In  the  hospitals  of  Torgau  it  often  happened  that  a  patient, 
consumed  by  a  burning  thirst,  drank  the  urine  of  his  neighbour  with 
avidity,  being  unable  to  obtain  any  other  drink.  The  dead  often 
remained  the  whole  day  in  the  same  bed,  close  to  their  living  com- 
rades. The  strongest  patients  snatched  from  the  weakest  and  tho 
dying  their  straw  for  lying  on,  their  blankets  and  linen,  in  order  to 
procure  some  slight  comfort  for  themselves.  The  greedy  and  dia 
bolical  hands  of  the  hospital  orderlies,  instead  of  helping  them, 
ransacked  unceasingly  the  beds  of  the  patients,  and  long  before 
death  had  closed  their  eyes  for  ever  the  unfortunate  dying  man  was 
already  despoiled  of  all  he  possessed.  The  ambulances  of  Torgau 
were,  properly  speaking,  nothing  but  immense  cesspools.  The 
greater  part  of  the  latrines,  for  which  no  care  had  been  taken,  and 
into  which  even  the  corpses  were  flung,  were  full  to  the  mouth. 
They  even  overflowed,  and  putrid  urine  flowed  on  the  walls  and 
staircases.  In  the  Chateau  of  Hortenfels  each  window  served  as  a 
latrine;  human  excrements  were  stuck  all  over  the  walls.  They 
formed  immense  heaps  in  the  courts.     In  the  wards  it  was  almost 
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impossible  to  open  the  doors,  obstructed  by  ordure.  It  was  neoesauy 
to  pass  over  excrement,  and  to  cross  on  the  corpses,  to  reach  ^oae 
still  living.  All  the  glass  had  been  broken  by  the  bombardment,  and 
as  wood  failed,  it  was  necessary  to  take  the  doors  and  windows  to 
heat  the  wards.  These  poor  unfortunate  creatures,  very  badly  pro- 
vided with  blankets,  found  themselves  exposed  to  the  most  severe 
cold,  as  if  in  the  streets ;  many  had  their  hands  and  feet  frozeo. 
Their  drinks  even  froze  beside  them.  There  was  not  any  treatmm 
regidarly  carried  out;  even  food  was  not  distributed  in  suffideot 
quantity.  Wood  was  generally  wanted  to  heat  the  food,  so  that  tiie 
patients  received  their  nourishment  quite  cold." 

In  the  town  of  Torgau  itself  980  deaths  from,  sickness  occurred 
among  5,000  inhabitants,  that  is,  one-fifth  died,  while  among  tbe 
troops  four-fifths  died.  This  shows  the  very  great  influence  that  gocd 
nourishment,  housing,  and  clothing  exercise  on  the  health  of  people. 

The  accounts  of  many  other  sieges  also  show  the  terrible  results 
that  may  arise  from  an  insufficient  provision  of  sanitary,  medical, 
and  hospital  services.  For  example,  almost  about  the  same  time  as 
nearly  20,000  French  died  during  the  siege  of  Torgau,  21,000  Frenck 
succumbed  to  disease  at  the  siege  of  Mayence.'  But  what  has  hem 
said  is  sufficient  to  bring  out  the  extreme  importance  of  a  good 
hospital,  medical  and  sanitary  organization. 


APPENDIX    II. 

"Letters  Patent"  Issued  by  Napoleon  I.  in  1809  to  ths 
Governors  of  Fortified  Places,  and  the  Laws  a 
France,  at  the  Time,  on  "Capitulations." 

In  conferring  on  Colonel  Le  Fosse  the  command  of  Sas  de  Gand, 
Napoleon  issued  the  following  Letters  Patent : — 

"  Napoleon,  by  the  Grace  of  God,  &c.,  &c. 

"  Whereas  the  place  of  Sas  de  Gaud  is  threatened  by  the  enemy, 
we  have  resolved  to  appoint,  as  commander  of  that  place,  an  oflBoff 
of  distinguished  bravery. 

"  We  have  taken  into  our  consideration  the  services  of  the  Sieor 
La  Fosse,  colonel ;   and  wc  have  appointed,  and  by  these  present 


Digitized  by  VjOOQ IC 


315 

lettres  patentes  do  appoint  him  commander  of  the  place  of  Sas  de 
Gand. 

"  We  order  him  to  repair  instantly  to  the  said  place  of  Sas  de 
Gand,  and  never  to  quit  it  under  any  pretence  whatsoever.  W6 
order  him  frequently  to  inspect  and  visit  the  supplies  for  the  siege, 
the  magazines  for  the  artillery ;  to  take  special  care  that  they  be 
abundantly  supplied,  and  sheltered  equally  from  the  attacks  of  the 
enemy  and  from  the  inclemency  of  the  weather.  We  order  him  to 
preserve  us  this  place,  and  never  to  surrender  it  under  any  pretence 
whatsoever.  He  must  always  bear  in  mind  the  inevitable  conse- 
quences of  disobedience  to  our  orders.  We  order  him  to  run  the 
chances  of  one  assault,  in  order  to  prolong  his  defence  and  increase 
the  loss  of  the  enemy :  and  as  the  reduction  of  the  place  must  be 
the  last  term  of  his  efforts,  and  the  result  of  an  absolute  impossi- 
bility to  resist  any  longer,  we  forbid  him  to  accelerate  that  unforr 
tunate  event  by  his  consent,  wore  it  but  by  one  hour,  and  under 
pretence  of  obtaining  an  honorable  capitulation. 

"  We  will  it,  that  whenever  the  Council  of  Defence  shall  be  called 
together  to  consult  on  the  operations,  these  lettres  patentes  shall  be 
read,  in  an  audible  and  intelligible  manner." 

Given  this  tenth  day  of  the  month  of  August,  one  thousand 
eight  hundred  and  nine,  and  the  sixth  year  of  our  reign. 

In  conferring  the  command  of  Antwerp  on  General  Golaud, 
Napoleon  used  much  the  same  expressions,  adding,  however,  some 
additional  injunctions. 

*'  Napoleon,  by  the  Grace  of  God,  &c.,  &c. 

"The  town  of  Antwerp  being  declared  in  a  state  of  siege,  we 
have  resolved  to  nominate  and  appoint  for  its  commander  a  distin- 
guished officer,  whose  zeal  and  fidelity  has  been  tried  in  many 
actions. 

"  We  have  taken  into  our  consideration  the  services  of  the  general 
of  division  Senator  Colaud,  and  we  have  appointed  him,  and  hereby 
do  appoint  him,  *  Commandant  of  the  place  of  Antwerp,'  now  in  a  state 
of  siege.  Conformably  to  our  decree  of  the  11th  instant,  by  which 
he  is  appointed  governor  of  the  said  place,  we  order  him  to  be  there 

by  the ,  and  never  to  go  beyond  a  musket  shot 

of  the  ramparts  of  its  advanced  works ;  frequently  to  inspect  and 
visit  the  provisions  for  the  garrison,  and  the  magazines  for  the 
artillery,  and  to  take  care  that  they  are  abundantly  supplied,  and 


Digitized  by  VjOOQ IC 


316 

secure  from  the  attacks  of  the  enemy  as  well  as  from  the  weather. 
We  enjoin  him  to  take  all  necessary  precautions  to  increase  occasicm- 
ally  the  supplies  of  the  place,  and  also  to  ensure  proyisions  for  the 
inhabitants,  even  greater  in  proportion  than  those  for  the  ganiaoiL 
He  will  employ,  within  forty-eight  hours  after  his  arrival  at  Antwcqi^ 
commissioners,  civil  and  military,  to  ascertain  and  certify  that  Uu 
said  supplies  are  actually  in  the  place  :  he  will  oblige  the  inhabitanti 
to  provide  themselves  with  buckets,  and  to  keep  them  constantij 
filled  with  water:  three  inspectors  appointed  to  each  street,  vill 
make  domiciliary  visits  to  see  that  this  order  is  attended  to :  he  vill 
take  care  that  the  engines  be  in  the  best  possible  state  ;  they  will  be 
stationed  as  a  sort  of  reserve,  and  as  much  as  possible  sheltered 
from  the  enemy's  fire.  He  will  take  the  necessary  measures  to 
augment  their  number.  He  will  give  directions  to  collect  a  greit 
quantity  of  fascines,  palisades,  and  also  all  the  timber  for  blindages, 
that  can  possibly  be  procured. 

"  We  order  him  to  preserve  the  place,  and  never  to  think  of  tm- 
rendering  it  on  any  pretence  whatsoever:  in  case  of  its  being 
invested  and  blockaded,  he  must  be  deaf  to  all  reports  from  tb 
enemy.  He  must  equally  resist  insinuations  and  attacks,  and  nerer 
suffer  his  courage  to  droop.  His  constant  rule  must  be  to  have  as 
little  communication  with  the  enemy  as  passible.  He  will  always  bev 
in  mind  the  dreadful  and  inevitable  consequences  of  disobediemt 
to  our  ordera,  or  of  neglect  in  the  execution  of  his  duties.  He 
must  never  forget  that,  in  losing  our, esteem,  he  incurs  the  severitj 
of  military  law ;  and  that  this  law  condemns  him,  and  his  staff,  to 
death,  if  he  surrenders  the  place ;  even  if  two  lunettes  were  taken 
and  a  practicable  breach  made  in  the  body  of  the  place.  In  case 
the  enemy  should  have  blown  up  the  conuter-scarp,  he  must  prevent 
the  consequences  that  might  result  from  this,  by  intrenching  him- 
self in  the  interior  of  the  bastions.  In  short,  we  most  positiveiT 
do  order  and  command  him  to  run. the  chances  of  an  assault,  for  the 
purpose  of  protracting  his  defence,  and  increasing  the  loss  of  Uie 
enemy.  He  must  recollect  that  a  Frenchman  should  think  his  life 
of  no  value,  the  moment  it  is  put  in  competition  with  his  honour; 
this  idea  must  be  to  him,  and  his  subordinate  officers,  the  main- 
spring of  all  his  actions  ;  and  as  the  reduction  of  the  place  must  be 
the  last  term  of  his  efforts,  and  the  result  of  total  impossibility  to 
resist  any  longer,  we  forbid  him  to  accelerate  that  unfortunate  event 
by  his  consent,  even  by  one  hour,  and  under  pretence  of  obtaining 
an  honourable  capitulation. 
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"  We  direct  that  whenever  the  Council  of  Defence  shall  be  called 
together  to  consult  on  the  operations,  these  lettres  patentes  shall  be 
read  in  an  audible  and  intelligible  voice." 

Given  this  11th  day  of  August,  1809,  and  of  our  reign  the  6th. 

In  conclusion,  there  is  given  below  an  extract  of  the  French  laws 
at  the  beginning  of  this  century  relative  to  capitulation,  and  which 
illustrate  some  of  the  topics  that  have  already  been  considered. 

''La/wof  the  26/A  JWy,  1792." 

ARTICLE   I. 

Every  commander  of  a  fortified  place,  who  surrenders  to  an 
enemy,  previous  to  the  breach  of  the  body  of  the  place  being 
accessible  and  practicable,  and  before  he  has  sustained  at  least  one 
assault,  supposing  an  interior  intrenchment  behind  the  breach,  will 
be  punished  with  death  ;  unless  he  be  in  want  ol  ammunition  and 
provisions. 

ARTICLE  n. 

Fortified  places  being  the  property  of  the  empire,  in  no  case 
whatever  shall  the  inhabitants,  or  civil  authoritiof>,  require  of  the 
commander  to  surrender;  under  pain  of  being  themselves  dealt 
with  as  rebels  and  traitors  to  their  country. 


Law  of  the  2lst  Brumaire,  year  5,  TUre  in. 


ARTICLE  I. 

Every  military  man,  or  individual  attached  to  the  army,  convicted 
of  treason,  will  be  condemned  to  death. 

ARTICLE  II. 

Those  who  are  considered  guilty  of  treason,  1st,  &c.,  &c. 

8th.  Every  commander  of  a  besieged  place,  who,  without  having 
taken  the  advice,  or  against  the  wish  of  the  majority  of  the  military 
council  of  the  place  (at  which  council  the  commanding  officers  of 
the  engineers  and  artillery  must  always  assist),  has  consented  to  the 
reduction  of  the  place,  before  a  practicable  breach  is  made,  or  his 
having  sustained  one  assault 
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*^  Regulation  of   the  Directory,   16   Messidor,  year  7    of  the  Fmi 

Republic," 

ARTICLE  I. 

Every  commander  of  a  fortified  place  who  capitulates,  without 
having  obliged  the  assailants  to  go  through  the  slow  and  successiTe 
proceedings  of  a  siege,  and  previous  to  his  having  repulsed,  at  leia^ 
one  assault,  in  the  body  of  the  place,  will  be  brought  to  a  conit- 
martial,  in  order  to  be  tried  conformably  to  the  law.  This  regak- 
tion  will  take  place  from  the  beginning  of  this  campaign. 

ARTICLE  II. 

The  members  of  the  council  of  war,  who  have  signed  these  shame- 
ful capitulations,  and  those  who,  having  a  right  to  assist  at  tht 
council,  have  not  protested  against  the  measure,  will  also  be  tried 
by  a  court-martial 

ARTICLE  IIL 

The  Minister  at  War  will  appoint  the  members  of  the  coort- 
martial,  who  ^vill  take  cognizance  of  these  guilty  cases ;  and  he » 
charged  with  the  prompt  execution  of  this  present  regulation,  which 
will  be  inserted  in  the  bulletin  of  laws. 
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PAPER  X. 
LISTS    OF 

SERVICE     ORDNANCE, 

WITH  DETAILS  OF 

GUNS,  AMMUNITION,  CARRIAGES,  AND  SLIDES. 

1.— Breech-Loading  Ordnance  (B.L.  &  R.B.L.). 
2.— Muzzle-Loading  Ordnance  (R.M.L.)* 
3— Quick-Firing  and  Machine  Guns. 


Corrected  to  March,  1895. 


War  Office. 


[Reproduced  hj  permiamn]. 
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1.— BRBECH-LOADING 


BREECH-LOADm 
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Nature. 
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342-4 
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'  One  ifun  only,  13-5.inoh  Mark  III.».  Ib  for  Land  Service.    It  is  a  Mark  HIf.  gun  with  a 

'  '^rd^iri^ijroSsrsaSi^Ji^^^^^  ^°  «^  ^^  ^^^  p*^t,im9i' 
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ORDNANCE  (B.L.   AND   RB.L.). 


ORDNANCE  (BL). 
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> 
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O 
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I 
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B.L.  guns  of  6.inch  calibre  and  upwards  for  future  manufacture,  or  T'hen  repaired  with  new  A  tub«.  » 
through-lined,  will  be  rifled  with  an  uniformly  increasing  twist  from  1  in  60  at  the  breech  to  1  in  80  at  the 
muzzle.    This  system  is  termed  Mark  II.  rifling. 

boept  Nos.  1.  2  and  3  guns,  which  have  Mark  I.  rifling,  viz.  :-froin  lin  180  at  breech  to  1  in  8^  at  TT2  Inchw 
from  muzzle ;  remainder  uniform  1  in  30L  C^  r\ncs]i 

Sm  2-6  laches  at  the  maalelof  Mark  I.  gun  are^unrlfled.  Digitized  by  ^UU^R 
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BREECH-LOAMSG 
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8      
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I 
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♦  8-jnch  B.L.  guns.  Marks  I  and  II,  hare  hern  nianufactared,  but  have  been  appropriated  for  }wt»f  rf  p**'- 

and  will  not  be  issued  to  the  Service.    Mark  V  jfun  has  been  designed  but  not  manufactured, 
t  aome  of  the  G-inch  Mark  IV,  of  later  manafacture,  have  Mark  U  rmiiiK.  . 
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ORDNANCE  {B.L.).— {Continued). 


RiPLIRO. 

Ballistic  Effkcts. 
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From  1  in  120  at 

168-6     ,Pad 

32 

Axial 

1053 

5552 

13-4 

8-lnch      ... 

Ill 

groove 

breech  to  1  in 

{h(X)k     1 

:i5  at   fi3-9  ins. 

section)  ' 

from  the  muz- 
jcle  ;   reinainder 

uniform  1  in  35 

I 

From  1  in  110  at 

195-8     i  ,, 

32 

^j 

2150 

6729 

14-9 

8    „ 

IV 

breech  to   1  in 

3f)   at    99-7  ins. 

from  the  muz- 

1 

zle  ;   remainder 

uniform  1  in  35 

1 

..     !  II 

From  1  in  «0  at 

195-8     1  „ 

32 

j^ 

2200 

7046 

15-2 

8 

VI 

breech  to   1   in 

30  at  muzzle. 

Poly- 

I 

From  1  in  100  at 

162-82 

Cup 

83 

,, 

>! 

'8      

VII 

groove 

breech    to  1  in 

(Elawick; 

40  at  6-82  ins. 
from  the  muz- 
zle;    remainder 
uniform  1  in  40 

-sooo 

4092 

12-8 

^ 

I 

From  1  in  100  at 
breech  to  1  in 
40  at  10-82  ins. 
from  the  muz- 
zle;  remainder 
nnifonni  in  40 

166-82 

" 

33 

L8      

VIIA 

•• 

I 

From  0  at  breech 
to    1  in    40  at 
4*02    ins.    from 

123-02 

i» 

28 

" 

1880 

1060 

8-5 

80-pr. 

^ 

the  muzzle  ;  re- 

1 

mainder      uni- 

form 1  in  40 

1 

Poly- 

I 

From  1  in  120  at 

124-075  Pad 

24 

,^ 

1672§ 

1938 

8-8 

6-inch      ... 

III 

(&' 

breech  to  1   in 

35  at  58-9  ins. 

section] 

from   the  muz- 
zle ;   remainder 
uniform  1  in  35 

ri 

From  1  in  120  at 
breech  to  1  in 
35  at  61-75  ins. 
from  the   muz- 

126-875 

" 

24 

" 

1060 

2663 

10-6 

^ 

" 

^ 

zle ;   remainder 
uniform  1  in  35 

IV.  VI 

II 

From  1  in  60  at 
breech  to  1  in 

120-875 

•' 

24 

" 

18701 

2425 

9-8 

\ 

30  at  muzzle 

Poly- 

From  Oat  breech 

149-75 

Cup 

28 

1920 

2685 

10-2 

6      „ 

V 

groove 

to  1  In    30    at 

:El8wiokv 

muzzle 

Poly-           I 

From  1  in  120  at 

104-3 

Pad 

20 

J 

■s 

/^  6    » 

II 

groove! 

breech  to   1  in 

' 

(hook 

25  at  52  15  ins. 

1 

section) 

from   the  muz- 
zle;  remainder 

U750 

1062 

6-26 

1 

, 

uniform  1  in  25 

1 

..    1  I 
i 

From  1  in  120  at 
breech  to  1   in 
2.')  at  ril-8  ins. 
fi«>m   till'   ninz- 

103-05 

" 

20 

•• 

/ 

u 

III,  IV.  V 

zlo ;   remainder 

1 

uniform  1  in  25 

1 

i  Except  wiih  Mark  III  chase-hooped  guns  on  V.B.  and  V.C.P.  carriages,  when  ballistics  are  the  same  as  for  Marks 

IV  and  VI  guns. 
i  With  charges  of  Prisml  Black  and  ?>.  .         -  o 
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BREECH-LOADING 


OuntAacB. 

Bona. 

GfUIDHL 

N»taK. 

Mark. 

MaterUl. 

Weight 

Serrice. 

Total 
Length 
inlna. 

Length 
inlna. 

i 

c 

1 
J 

27-0 

S 

"5 

ij 

18-5 

1 

5. 

f 

i-lnch    ...    1 

••II.  IIP,  III 

IIlA.IV 

V.VI 

^8t«d      

'  ft     

IScwt. 
as   M 

N 
N  . 
C 

iao-0 

108-0 

6-8 

417 

i    ,.  (Jointed) 

I 

,»     

S6    ,, 

Indian 

UO-8 

101-8 

26-4 

— 

r- 

»-pr 

I 

"  ^  -"• 

ao  „ 

Indian 

116-0 

108-0 

27-0 

it 

17-6 

« 

»-P' 

I 

„   (S-4-io.  cali- 
bre) 

12   .. 

L 

107-5 

96-6 

29-0 

8-9 

16-8 

1 

tl2-pr.,  7c«rt    ... 

I 

„    (J-in    oaU- 
bre) 

1  .. 

L 

92*85 

84-0 

28-0 

S-6S6 

UD 

U( 

tlS-pr..  Oowt.  ... 

, 

,.    (8-ln.   call- 

6    .. 

L 

66-76 

69-0 

19  66 

9t 

8-S& 

" 

8S.pr.  8.B.B.L. 

I 

Cart-Iron    (6-36- 
in.  calibre) 

42    „ 

L 

87-6 

88-0 

18-6 

«-55 

4-1  !  1»  ' 

HowmiRS. 

. 

0-inoh,  SOcwt. 

I 

Steel 

80    .. 

L 

04-0 

84-0 

140 

6-4 

6-7    2a 

0    .,      26owt. 

I 

1 

25    „ 

Indian 

820 

72-0 

l£-0 

0-4 

10-2 

Sil 

6*, 

I 

,.     

12J„ 

Indian 

820 

64-0 

100 

6-6 

s-i 

« 

6    

I 

9    ., 

L 

49-^ 

42-0 

8-4 

52 

8-2 

"  1 

••  The  addition  P  to  a  Harlc  indicates  that  the  gun  has  been  converted  from  the  system  of  friction  toM-^ 

percuMion  firing, 
t  When  firing  151b.  profectiles,  this  gun  is  designated  15-pr.,  7  c«rt.,  Marie  I. 
X  Formerly  Isnown  as  12-pr.,  Q/2. 


Digitized  by  VjOOQ IC 
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1 


*JiDNANCE   {B.L).—(Continwd). 


Riplhio. 

1 

Ohdnarck. 

System. 

i 

Twist. 

Length 
in  Inches 

i 

Muzzle 
Velocity 
in  Foot 

e 

h 

^15 

U4 

Nature. 

Mark. 

6 

Seconds. 

|i 

ia^ 

I,  II 

- 

1 

s 

^|l 

I»oIy- 

From  1  in  120  at 

\ 

CTOOve 
(book 
section). 

breecli  to  1  in 
30  at  43-77  ine. 
from  the  muz- 
zle ;  remainder 
uniform  1  in  30 

'-8777 

Pad 

'"\« 

\«;* 

Axial 

1000 

626 

6-4 

4-inch  ...    < 

•♦II,  Up,  III 

IIlA.  IV 

V,  VI 

»» 

From  1  in  120  at 
breech   to  1  in 
80  at  muzzle 

820 

>» 

20  1 

Rad'l 
Steel 

}- 

— 

— 

4  „  (jointed) 

I 

I 

From  1  in  120  at 
breech  to  1  hi 
80  at  44*8  ins. 
from  the  muz- 
zle; remainder 
uniform  1  in  80 

88-8 

24 

Axial 

1660 

30-pr.    

I 

» 

— 

J?'rom  1  in  120  at 
breech  to  1  in 

26  at  40-9  ins. 
from  the  muz- 

-81-8 

»» 

«{ 

Bad*l 
vteel 

}l667 

886 

— 

a)-pr.    

I 

zle;  remainder 

uniform  1  in  26 

i,n 

From  1  in  120  at 
breech  to  1  in 

^ 

28  at  36-8  ins 
from  the  muz- 

-71-6 

»» 

{ll}« 

}l720 

?40 

— 

12-pr.,  7  cwt. 

I 

zle;   remainder 

uniform  1  in  28 

•» 

— 

From  1  in  37  at 
breech  to  1  in 

4026 

" 

18 

'• 

— 

— 

— 

12-pr.,  6  cwt. 

I 

*~ 

— 

28  at  muzzle 
Smoothbore 

"~ 

i'U|« 

-{ 

Rad*l 
Cop'r 

}- 

— 

— 

S2-pr.S.B.B.L 
HownziBB. 

I 

Poly- 

I 

-. 

— 

_ 

— 

Axial 

— . 



_ 

6-ln.,  at  cuit 

I 

gTOOTe 

(hook 

aectioo) 

1* 

I 

Uniform  1  in  16 

69-4t5 

V-^i 

24 

»» 

— 

— 

— 

6-in.,26    „ 

I 

t» 

1 

Uniform  1  in  28 

48-4 

,, 

21 

»» 

— 

— 

— 

6-4-in 

I 

.    .. 

I 

Uniform  1  in  28 

86-8 

20 

(» 

- 

- 

- 

6-ln.      

I 

^The  sddition  P  to  a  Mark  indicates  that  the  gun  has  been  converted  inm  the  system  of  friction  to  that  of 

Bercussion  firing. 
An  4-inoh  and  12-pr.  B.I.  guns,  o  later  manufacture,  and  existing  guns  when  "through-lined,"  or  repaired 

with  a  new  A  tube,  will  be  rifled  with  six  grooves  per  inoh  of  calibre. 


Digitized  by  VjOOQ IC 
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BREECH-LOdDim 


Total 
Leagth. 

Bore 

Chamber. 

Mark.                lUtcrial. 

1 

Serrtoe. 

3 

Length  in 
CaUbra. 

1 

i 

^ 

7-iiMii82ewt.    ... 
..     72  ..       ... 

- 

WroDght-iroo 

C 
L 

Inf. 
120-0 
118-0 

Ins. 
7-0 

70 

14-21 

ri4-21  or\ 
1    18-98    i 

Ins. 

7-» 

7-20 

Ins. 
16-0 
14-25 

Ins. 
630D 

SSS-9 

40-pr.  35  cwt.      ... 
40  ..  82  ,. 
20  ,.  16   „ 

to  „   16   

to  ..   18 

}- 

Wrooght-iroo  Aod  Steel  .. 

C 
C 

L 

N 

121-0 
120-0  J 
96-0 

66-126 

4-76 
3-75 
8-76 

22-89 
22-36 
14-43 

4-96 
804 
8-M 

18-5 
12-0 
11-0 

257-« 
143-0 
131-0 

12t>r.  8  cwt. 
»  M   6 

- 

Wnnight-iiOD  and  Steel  . 
Wrooght-iron 

C         720 
C         62-0 

3-0 
8-0 

20-458 
17-5 

8-20 
8*20 

8-5 
7-0 

55-1 

BREECH-LOADIKG 


Obobjjiob. 


Nature. 


16 '25-inch 


13-5 


13-5    „     I 
12 


Hark. 


FDsn. 


Time. 


Percaanon. 


Land  Service. 


NaTal  Service.,  Land  Service. 


I 
II,  IlA 

III 

IIIa,B,  C,D,K,P 

IV 

I,  lA 

III,  IV,  V 
Vw 


}  - 

)  Middle  Sen 
I        tive 

}    - 


Naval  Service 


/'One    middle^ 

I  time  &  per- 1  | 
eudsion      to> 
e'chshrapn'l   1 
;  shell,    20    %,  r 

spare  A;  Mid 
I  die  SensiM 


li;Mid'  I 
insi^ive  | 


Direct    artion 

(C) 


Direct  action 

(C) 


Diqitized  by 


Weight  xnDiS. 


Tabes. 


Full. 


Gooq 


960  S.BCt. 
MarltU. 


>630«S.B.C 


III*.  lU* 
lU. 


For  tootQotea  to  Brecch-tof*Br 
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ORDNANCE  {B.B.L). 


i 

Rifling. 

1 
Vent,   i 

Ballistic  Effkcts  with  Full 

ClIARGRS. 

i 

1 

!  1  ^ 

Penetration  of 
Wrouurht-Iron 
Armour  Plate. 

1 

1 

1     % 

> 

w 

System. 

1 

1 

Twist  in  Calibres. 

Length. 

Position 

1 

i 

At  1000  At  2000 
Yards.  \  Yards. 

i 

1 
•  1 

Ins. 

^ 

f.s. 

Ft.-tons      Ins.    ]     Ins. 

PolygTOOve 

U.  1  in  37  cals. 

831 

4 

t 

11006         847 

5       '         4 

7-in.,  82  cwt. 

' 

82-9 

g 

5? 

1100&  1      847 

5       '         4 

M     72    ,. 

PolytfTOove 

U.  1  in  36*  caLH.      ... 

92-5 

5  2 

•eJ 

1160           374           —             —    1 

1                '                '              ^ 

40-pr.,  36  cwt. 
»,        32    „ 

U.  1  in  88       

71-6 
42-75 

!! 

1130 
1000 

■"  1  -  >  - 
■"  1  - 1  -  { 

20-pr.,  16    „ 

M        15    „ 

13    „ 

jPolygroove 

U.  1  in  38  cals. 

52-5 

.o 

1?39 

119     1      -      '      - 
1 

l2-pr.,  8  cwt. 

1     •• 

..          „ 

45-5 

% 

1056 

66 

1       -             - 

Opr.,  6    „ 

a  40-pr.  sideclosinr;  has  a  copper  radial  vent  6*5  inches  from  end  of  bore  inclinetl  at  angle  of  45"  to  vertical  plane 
of  axis  of  gun  on  right  side. 
b  Diflference  in  size  of  chamber  gives  same  M.V.  in  these  two  guns  although  fired  with  different  charges. 


ORDNANCE  (B.L). 


Charobs — 
Weight  in  lbs. 


Reduced 
for  Naval 
Service. 


7206  & 

S. 


ObtibOo  — f 
.B.C.      I        ^ 


4724<f  and 

315^ 

SBC. 


221 H 

PriHn)! 

Brown 


45 


K, 


I 


Projkctilks. 


Ordnance. 


Common  Shell. 


Shrapnel  SheU. 


Shot. 


II 


•5^ 


lb.    oz.Jb.    oz. 


I  11 

t  1  z^ 
^1  U 


lb.    oz.ilb.  oz. 


Ilo  il(i07    0    187    8  \<  ,     L--V.,    f.L    fi  I 

III/>1G19  13    179    4  S\  I«  /'^-    ^80  I 


Up  1164    1 


I 


86    9      I  Ip   1243  15 


II 
IIIO 


I 


I 


618    8 


96    0 


II      711     6    1  14 
IIIo 


II      711     6    1  14  ^  I 

I       If" 

[loi  710  14  ,2    0  J  ' 


4»  ;j«j  I  -r  M 


lb. 


18(X)  I ,  isoo 


1250'  I     1250 

I     ' 


I     '  I 

714  I  I  714     I 

'     i  '     . 

]  Cjiqi^izecl  b' 


^5 

lb. 


f 


Nature. 


ilarit. 


16*26-in.  ... 


13-6 


ij   ",  "A 

r       III 

■{    IIIa,  R,C,D.E 

I  IV 


(|l3-5 

12 

10  /     "I.  IV, 


I,  lA 


Ordiuuiot  (B.L. j  cee  pages  830  and  381. 
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BREECH-LOADING 


OftMlAXCB. 

FlTSIS. 

Tubea. 

Cfummm— 
Weifiitialki 

L 

i 

i 

Time. 

i 

NUon. 

MMt. 

1 

J 

1 

1 
1 

Land  Senioe.  'Naval  Serrlee 

FaD. 

1 
1 

ISinch    ... 

VI.  VII 

Middle   Senai-           - 
tive 

1 

Direct    action 
0 

— 

P 

Bro«a.Ml 
IIlM,  Mark 
IIx. 

12    „  wire 

VIII 

One       Middle 
lime  4  Per- 

CUMOO         to 

eMh  ShcmpD'I 
Sliell.    90    ', 

SidSe    ^• 
■itive  (B) 

(C) 

t. 

Corditef 

i 

10 

» 

•» 

— 

.. 

- 

., 

> 

10 

U,  III.  IV 

.. 

t. 

M 

•• 

(252c  PriMi 

10    „       ... 

IIU 

- 

., 

- 

•  • 

ti 

J 

0«  „       ... 
0'«  ..       ... 

I,  cl.  4  u.cl 
II 

: 

t» 

__ 

»* 

»» 
•» 

ll40c  Pri^ 
1   Brova 

01  .,     .. 

0-2  ,.       ... 

III.  V.  VII. 
IV,  IVa,  VU 

»» 



»» 

•t 

»» 
ft 

\\Uc  Pri«i 
f  Bran      1 

0-2 

VI.  VIA,  A  VIc 

,, 

., 

,. 

M 

» 

J 

8      

III 

- 

•• 

- 

•  • 

f» 

I  Brown 

8      

8      

IV 
VI 

: 

•• 

— 

»» 

»» 
»» 

)U8c  Priff* 
1   BrovB 

8      

VII 

VIlA 

TAPmid-r 
dleft  mid- 
dle sensi-' 
J  tive 

- 

" 

- 

tt 

1 

isO-pr. 

»• 

- 

" 

" 

S4S.P.rA. 

m 

6-iDch      ... 

III 

- 

'» 

- 

- 

•» 

«       M         «. 

lY,  VI 

•» 

•» 

>i 

I» 

»« 

/48e  E.X.1. 
.  Blaok.   Uf' 

1^^ 

6      „ 

V 

ff 

- 

t» 

digitized  by  V 

;o(55i 

i^- 
{«i_ 
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ORDNANCE 

(B.L.] 

).^(Contimied). 

Chako  Eft- 
Weight  in  Ibe. 

Pbojkctilks. 

OaDNAHCI. 

1 

Common  Shell. 

Shrapnel  Shell. 

Shot. 

Nature. 

Reduced 

J4 

t  Shell 
lugged. 

Bursting 
*  F.Q. 

n 

1 

M 

j 

M 

M 

«-^ 

Hark. 

for  Maval 
Service. 

is 

1 

^ 

Oft* 

II 

Weight  of 
Charge,  P. 

Oft* 

u 

1 

b 

s 

-< 

1 

L 

lb.    o«.,lb.    oz. 

lb.    oz. 

lb.  oz. 

IbT 

lb.   - 

lb. 

\A7ke 

36 

V/» 

634    1 

79    0       IVp 

709  11 

3    0 

II 

714 

I 

714      I  '714 

12-inch    ... 

VI,  VII 

Priami 

Brown 

Ip 

769    29 

80  13^ 

IP 

846    8 

3    8 

860 

I 

860 

600 

12    „   wire 
10 

VIII 

I 

189(i    & 

I 

126« 
'    Priami 

36 

IP 

461    5 

37  12 

IP 

497  10 

1    9 

I 

600 

I 

600 

10   ..      ... 

II,  III,  IV 

Brown 

_ 

10    „       ... 

IIlA 

(  106dA 

lOe 

/ 

I 

380 

9-2  „       ... 

I,  Cl.  CO  I 

H    Prisml 

»-) 

Brown, 

II 

861    1 

18    8 

II 

377  13 

1    6  ^ 



— 

9-2  „       ... 

II 

,(J6F»nz 

^ 

IIIo 

S46    8 

33    0 

IIIo 

377    6 

1  8  y 

IV 

380 

I 

880- 



— 

9-2  „       ... 

III,  V,  VII 

/-iiarf   & 

1 

j      Ue 

aoj 

Vp 

348  11 

31  14 

IVp 

877    0 

2    3j 

380 

9-2  „        ... 

IV.  IVa,  VI 

\   Priflmi 

^ 

I 

^  Brown 

9-2  „        ... 

VI,  VIA.  Vic 

75d  A 

6(te 

Prisml 

^^1 

II 

196    7 

13    8 

III 

208    3i 

0  164v 

/ 

S      ,»        .-- 

111 

Blaclc, 

\ 

.45  Panz 

/88)cf  A( 

► 

} 

II 

210 

I 

210 



_' 

59e 

IIIo 

180    8 

29    0 

IVo 

207  12 

1    2    j 

a    

IV 

.     Prisml 

1 

Brown, 

isj 

IVp 

190    9 

18    8 

Vp 

208    4 

0  16  / 

s    ,,     ... 

VI 

,46  pa  nz 

f  endx 

likO- 

&    „     -„ 

VH 

{    Prisml 

16 

Up 

163    8} 

16  13i 

Up 

177  12 

0  16 

II 

180 



ET 

I 

(    Blaclc 

s     

TIIA 

25  S.P. 

7- 

II 

in 

74    8i 
81  10 

6  2 

7  12 

7    3|J 

IIo 

79    0 

0    3 

II 

78A 

so-pn      ... 

! 

Illi; 

71  13i 

f36d*24« 







__ 

_ 

__ 

_ 

_ 

_ 

_ 



O-inch     ... 

Ill 

{  E.X.K., 

li4iPaii» 

.36dA24« 

1  E.X.E., 

/ 

III 

91  18 

7    6 

II 

98  12 

0    7"^ 

^Prisml 

•^i 

V 

9    1 

IV 

100 

I 

KjO 

1 

JIX> 

a     „      ... 

iV,  VI 

\ 

VIp 

90    3 

9  13 

IVo 

98    8 

Ol^J 

Blaclc. 

^24iPan* 

• 

M 

4 

- 

- 

- 

Vp 

96    8 

Old 

IV 

lOU 

I 

100 

I 

Di 

100 

gitized 

?yC06 

?b' 

Ordnance  (B.L.,  see  pages  880  and  881. 
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BREECH-LOADIXG 


FlZBH. 


Time. 


PercanioQ. 


I  f 


Nature.  Mark. 


I 


Land  Service.  Naval  Sen  ice.  Land  Service.  Naval  Service 


PbIL 


5- inch 


111.  IV,  V 


ni.  IIP,  un 
i  nil,  IV  ; 


MUUlle  SoriM- 
tivf  ci  T.  & 
P.  Muldle 


One  Mi«tdle 
Time  ft  Per 
ciisitton  to 
each  Shrapn'l 
Shell,  A> 
8)iure  A  . 
Miildle  Sensi- 
tive ,B; 


Direct  action 

I  C 


p  h 


4  ,,    jointed; 

ao-pr ; 

i 

20-pr 

l2-pr.,  7  cwt.... 
15-pr., 

12 -pr.,  6  ewt. 

32  pr.  S.B.K.L. 

UOWITZKRA. 

6-inch,  3(1  cwt. 

5  4 , 


r  T.  &  P.  Short  ^ 

I  T.*  &    P.   Mk.  [ 
I    IV   H  J 

/  T.  &  i».  Short  i 

'  T.   it    P.    Mk.    ! 

-j  IV   B 

I  Middle    Sensi-  j 

I  live)                 J 


r  T.  &  P.  Short  ^ 

I     .A 

I  T.  it    P.    Mk. 

'     IV.  ,B, 


T.   &    P. 
IV. 


Mk. 


Sensitive  Mid- 

I  die 


T.   & 
IV 


P.    Mk.  — 


l>lrcta 


iSniall   percufl 
I  aion 


I 


Direct  action 
C).  and  D.A. 
Delay 


D.A.  or   D.A.' 
Delay  i 


I  \h\\h.  S.P.* 

I    -   41b.  TJot 

t     erudite. 


PA    I 


Short 

or 
I  solid 
(drawn 

I  -  , 


Short] 
or    1 
solid 
jdrawn 

P 


[lMb.S.P.     ' 
31b.  lot  Cor .' 
^  *1 


21h.6M.Cor-l 
dite,  Si«l 
5/U. 

<ab.  S.P. 


41b.  S.P. 

ISJot  Cor 
djte,  Si» 
5.11. 

12iV«-  5* 
due,  SiK 
511. 

Sib.  R.LG.* 


a  In  ij  cartrid^jcs. 
b  In  c  catriiliri.-s. 
c  In  I  ( Miiritl-L's. 
d  In  .>c.iiirirC..>i. 
'  In  1!  c<iitrulye>. 
/  For    M.ii  k    111   chasehoopwl. 

and    il;irk    IV.    j-uns    and 

upwards. 


(J  This  chanre  of  E.X.E.  is  not 
to  ]h»  u>*od  with  nnchoee- 
ii(Hi}H<i  ;;iin.s  and  only  with 
cliiisi-iiiKijH^d  i^uns  when  on 
"*  \'u\  as,>eur  iJroa<lstide  "  and 
*'Vavas>.iur  Central  Pivot'* 
carriages. 


Digitized  by 


h  Some  Mark  11.  san*  stfll  S' 
H  tubes. 

I  Double  shell. 
m  Star  tihell  al:$o  tstd 

»  Practice  only. 

o  Forged  steeL 
IP  Cast-«teel. 
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ORDNANCE  (B.L.).—(CmtinMi): 


CUAROBB. 

Projbctilbs. 

Obdnancb. 

1 

Common  Shell. 

Shrapnel  Shell. 

Shot. 

1 

Reduced. 

1 

i 

h 

Weight  of  Bursting 
Charge,  P.  &  F.G. 

1 

1 

r 

t . 

■si 

1 

i 

! 

i 

11 

•< 

Mark. 

Case,  Land  Service 
Only. 

1 

Nature.          Mark. 

1 

1 

lb.    oz. 

lb.    oz. 

lb.    oz. 

lb.  OZ. 

lb. 

lb.   i                        1 

)      (i'" 

|46    5i 
14113} 

6  15 ; 

IIIo 

49    0 

0    4i< 

I 
11 

50 

I 

1                     1 
(l5-inch          ...1         II 
50^                        ! 

I  '5    „             ...  III.  IV,  V 

1             1 

1   V 

1 

I  VI 

21  12 

}21    7 

1  « 

2  9J 

2  14i{ 

III 

IVo 
Vo 

24    0 

}24     li 

0    3 
0    li 

I 
II 

h 

1 

1 
1 

1          i 

I     26-{| 

L'4 

H.  llr,  III 

IIlA,  IV 

V.  VI 

- 

-    - 

- 

- 

1 

- 

I 

- 

- 

- 

-       -  '4    „    (j'nted) 

i 

- 

- 

-  - 

- 

1 

- 

! 

1 

1 
I     80     30-pr. 

I 

— 

— 

m 

17    4 

1    5 

—  ,     19    1 

0    1 

«.   1   _ 

~l  - 

1 
-  1  20    ko-pr.           ...          I 

-  { 

Mk.  II 

lo 
In 

10  10 

11  8J 

1     8i 
0  10 

lo       11  lOJ 

Iny      11  10 

I        14  11 

0     li 

—    j   — 

1  ~ 

II     12i§'l2-pr.,  7cwt.|         I 
I      12i815-pr.,      ..              1 

i                        1 

- 

- 

-  ,      - 

~ 

I        12    6i 

0    li 

-   '  ^    -1   _ 

;                                              1 

I  !  12iS  12-pr.,  6  cwt.^         I 

1     - 

1 

- 

1 

1 

- 

-   ■   -    - 

- 

IV  1  64i  '32-pr.                        I 
1          S.B.B.L  1 

1 

1 

' 

liOWlTZKkS. 

- 

-! 

Ip     103    8 
lo  1  103    2 

It  .J}!' I  <«« 

0  lOi 

-  ;  -  '- 

- 

I    100 

6-inch,30cwt.!        ~ 

1 

i     - 

-{ 

Ip     103    8 
lo  1  10?    2 

14    7 
14  IS 

Ir 

08    8 
111     1 

Vl\} 

1 

1 

— 

1  ,100 

fi     „   25    „             I 

— 

—  ]      — 

— 

— 

— 

'~  ,  ~"  l~ 

— 

— 

— 

5-4  „            ...         - 

1 

— 

lo  1     45    3 

4    4 

lo 

48  15 

C    4 

— 

—    1  — 

— 

I 

50 

5     „             ...          — 

! 

a  Charge  not 
r  King  Mhell 
V  A    HCgniei 
180llw.  i 
to  For  Naval 
X  For  Land 

-  yet  fi 

it    she 
i  altM)  u 
Scrvio 
Service 

nally 

11       V 
8Gd. 

e. 

settled, 
cighing 

V 

2 
A 

The 

sh 

b< 
For 
For 

existinu 
lellM  will 
a  ranges 
?  made. 
gunner>- 
present 

stock 
be  usee 
but  no 

ships, 
jse. 

of    1 
1  up 
iiion 

[.hese 
over 
^  will 

[ 

B 
V 

5igit 

Forf 

F.)r 
to 
Ma 
N.J 
be 
zed  by 

uture  use. 

L.S.  Mark  I.*  or  II.  arc 
he  used  on  land  fronts, 
rk   III.  sea  fnmts.    For 
{..  Mark  111.   only  is  to 
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BREECH-WADISG 


1 

i 

FazB. 

CIUBH.       ' 

OjtDHAMCK. 

Time. 

Percussion. 

Tubes. 

SUkOotbOit- 

Nature  aiM 
Weight. 

1  . 

I 

r^  }: 

LS. 

S.S. 

L.S. 

S.8. 

lb.             Thuot. 

7-in.  82  cwt. 

- 

1                         1 
16«ec8.       withl58ec8.      with  Direct  Action 
det.  Ill,  mid.   det.  Ill,  mid.' 
sensitirefr         sensitive^       | 

- 

Short  or  solid  11  R-LG.Sc  T  0  ! 
drauTi     with                         1 
primer           1 

..    7J    „ 

' 



- 

'• 

10       „    c  7  6 1 

40-pr.  36  cwt.  "^ 
,.      82    ..    } 

- 

l/Seecs.       with 
det.  Ill,  mid. 
•ensitlvefc 

1.5eec8.       with 
det.  Ill,  mid. 
sensitive^ 

R.L. 

R.L.  pure,  and 
Dir.  Act. 

5R.L.G.".  3  #, 

«0-pr.  18    „ 

— 

E.timo 

- 

B.L.  plain 

— 

Short  or  solid 
drawn 

2J      ..         IS 

i 

.,      16    „ 
„      18    „ 

1 
J 

^ 

- 

E.  time 

( 

R  L.  and  Dir. 
Act.  for  Com. 
b.L.  plain  for 
segment 

1 

! 

1 
'       1 

12  pr.  8  cwt. 

ISsecs.      with 
det.  III.  short 
T    &   P6,    E 
time  for  seg- 
ment 

E.  time 

B.L.  piain 

B.L.  plain 

Short  or  solid 
drawn 

1 

»  .,    6    „ 

~ 

•» 

»• 

'• 

M 

1*     ..      jl*, 

b  For  future  use. 
Ke  Owing  to  difference  in  siie  of  chamber  in  these  two  guxis,  the  same  M.V.  is  obtained  from  both. 


Digitized  by  VjOOQ IC 
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ORDNANCE  {R.B. 

L) 

PftOJaCllLB. 

With  Lead  CoAting. 

Empty. 

Bunting  Charges. 

Solid 
Shot. 

Case  Shot. 

Oommon  ShelL 

, 

Shell. 

Segment 
sleU. 

Sbrapnel 
Shell. 

Segment 
SheU. 

ll 

lb.  oz. 

P.&F.G. 

L.G. 

Mk. 

lb.  oz. 

Mk. 

lb.  OS. 

Mk. 

lb.   OS. 

lb.  oz. 

lb.  oz. 

lb.  oz.  gr. 

lb.  oz. 

Mk. 

lb.  OS. 

{". 

83    0^ 
06    of 

I 

98  m 

Ild 

97    0 

r  8    4 
\lO    5 

6  11. 

8    8/ 

3    2    0 

0    8 

- 

VI 

68    2J 

7-in.  82  cwt. 

II 

06    0 

I 

98  m 

lid 

97    0 

10    5 

8    8 

8    2    0 

0    8 

40  Vi 

VI 
II 

68    2i 
31    8 

„    78    „ 

885 

I 

88    9i 

I 

89    0 

2    6 

8    0 

0  13    0 

0    8 

40-pr.  35  cwt. 

„      82    ., 

II 

20    8 

II 

19  10 

— 

— 

— 

1    8 

700  g«.' 

— 

20    Oi 

IV 

20    64 

20-pr.  16    ,. 

III 

80    8 

I 

19  10 

- 

- 

1    6 

1    2 

700    „ 

d 

- 

20    9i 

- 

- 

r,.     IS  .. 

III 

10  12 

I 

10    8 

II 

10  12 

~ 

0    8 

560  grs. 

Ob 

0    0| 

11    7 

IV 

11    8 

12-pr.  8  cwt. 

III 

8    8 

I 

.8    6 

II 

8  12 

- 

0    6 

800    ,,  - 

0    01 

8  13 

III 

9    0 

»..    «     .. 

d  None  now  issued. 


Digitized  by  VjOOQ IC 
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B.L.   CAnniAGES  AND  SLIDES  {LAND  SERVICE). 


OR05  A  XCB. 


Carria^M. 


Nat  ore. 


II  - 
ill 

2    E 


Slidei. 


Nature. 


Badii  of  Raoen.  , 


Froot.       R«ar. 


r2i 

»  *  * 

-  CSC 


Wcsfitt. 


n'.vin.,  67  tons 


Klin. 


r^rl 


Slet'I  I>i>«appeariDg,     15       7     Steel 
Mk.  I. 

I'p  er  or  lower    7 
••       litT. 
,,     I>ismncartoff.     l.'i 

.Mk   1. 
..     IK).  Mk.  II      ..   i:. 

..     !>(>.  Mk.  III.  ..    1(3 
.,     llurU'tto.  Mk.  I.  l.'i 


Lower  tier 
Upper  tier 


I  — 
(  Steel 


I 


ft.  in. 

8  0 

9  2 
9  2 

«  0 


0 


1^ 


Hln,. 


6-in.,        h 


..     l>o.  Mk.  II      .17  :> 

..     1»..   Mk.  Ill     .     I.-.  .-» 

,,     I'i-^ippMrinjf,     I'l  5 

Mk.  1. 

,.     I»...  Mk.  II       ...  15  5 

„     lUrlMtte,    MkH.  !.-»  «i 

I  uihI  1a. 

..      !).».  Mk.  II      ...  17  S 

Iron   Ih».  Mk.  I        ...  Vi\  5 

Meil  JI>i^a;.lH•arinK,    15  5 

Mk.  I. 

„      ^I><>.  Mks.  II  &20  5 

II*. 

„      :l>o.  Mk.  Ill  .     _»n  5 

..     M>«».  Mk.  IV    ..   L*!)  5 

„      Ikirbtlli',  Mk.  I  15  7 

„      IK..  V.C.I'.  Mk.  115  15 


5-in.,  40cwt.       -[ 

4-in.,  36  „ 

4 -in..     e5owt., 

Joint<»«l  iTTin) 
JMi-pr.,  2ik«\\t.     ... 
20- pr.,  I'J  ., 

..    f. 

'•   \ 

l--ipr-,7 

12-ir  ,  6  ., 
.TJ-pr..  S.B.  B.L., 
42t»t. 


15  pr. 


„  Kul.l.  Mk.  I 

„  Do.  Mk.  II  ..  1(> 

,,  1>.».  Mk.  II'  ..  in 

.,  IK..  Mk.  1  ..  U\ 

Ton  S'.idinu'.McHiium  10 
.  No.  6. 


UOWITZKRS. 

G-in..    "W^v^i. 


»  4-in.,    li'^'cwt.... 
>-in..  Sk'Ml. 


I 
Steel  Siixt',  Mk.  I 
„     ho.  Mk.  I 
„    I  Field.  Mk.  I 
„     IK).  Mk.  1 

I 


.  :55t 
.  3.-.;' 

.  45 
45 


Traxellinj?,  6ft.  25       5 

pamiM't. 

l>i!«ipjK*arinp   '  —  '  — 
Tra<tllin;;.   Git.  25        5 

1  :ira|>«'t. 

Tn4\cllinjf     ...  17       8 

Fu'Ul.h'draulic    — 


Steel  RarlM'tte.  Hk«. 

1  an<i  l.\  ' 

..      rK>.  Mk.  II     ...j 

Iron  IK>.  Elswick  ... 


Steel  BarWttc.  Mk.l 
„     IK).       V.C.P., 
Mk.  I. 


I   -    '  — 

Iron  Tr.iversinff 
Mi'^Iiuui,  No.  U 


10 
5  II  13   5 


1  ♦•n  2} 

Barbette,   Mk.        

I.  C  pi\ot. 
FhK  do.  L>  pivot 
ho.  Mk.  II     .. 
IK).  Mk.  Ill  ... 


U    fl      14    6 


% 

11-13 


ft.  ins. 
19  0 

11  Si 

14  6 

]-13  6 
9  S 


9  0 
10  1(» 
10  10 

5    6 


8i  9  8 

10  9  8^ 

10  9  6 

6  11  0 


Iv 


m    6       13    6      ' 
5  11-13'  5  11-13 


10  10 
5  rt 
5    0 


4     4      I  4     4 


4  4 

4  4 

3  9 

2  3i 


4  4 

4  4 

3  9 

2  3J 


ta.CLU.ct. 

ft    « /l*    *J 

160  11  I       - 
]    _    I       _ 

:w  12 '     - 
;ii   SI     »is| 

11   4     10  ui 

11     3       45  II 
7     U     41  l«i 


14  6 

9  8 

9  S^ 
10  8 

10  S 

11  8 
10  8 

36} 

66 


6  6 
3  7* 


36 
3  4 
3  4 
3  Si 
3  4 
3  7 


43  IS : 

11    4 


11  3 
4  1U 
15    5 

14     Si' 

14  16i 
13  3 
2  12 


1  15 

1    9 
0  IS 


10  ^ 
43  11 


0  Hi 
0  11 

o  \\\ 


—    13: 


oioitt 
oiojn 
0  W\ 


0  14J       0  13 


-  4  5i«!     - 

~  45}     I  2    51 

39       1     — 


t  But  can  u'o  to  1\  decrees  if  emplacement  admits. 

X   For  M<irk  V  jfuu. 

5  Fi)r  Marks  IV  and  VI  jfunB. 

i  For  India. 

\    IlUKT. 

•♦  (Ujter. 

tt  Weight  of  liniher,  without  stores. 

::  Wl>»  u  U.-.W1  with  t<ip  carriuu't'  iw  howitzer  bed  70  can  be  obtained. 

W  hen  us.ed  a-*  a  ho\\  it/.(-r  hid  4ft.  Khiis. 

Src  Note 

conv 


Si<'  Note  ••  t,"  j«-t.  ..oj   jiarjj  jj    n*  i2-pr.,  B.L.,  carriaK<?8  will  be  utilized  for  15-pr.  eonii 
MvcrtcU  W.U  .K..  dc,is„u...l  •■  .■urrhH.-c,.  flcKl,  U.L..  10-pr..  Mark  I."     ^.^.^.^^^  ^^ GoOglt 


[tupnent. 
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5.S.Z.   CARRIAGES  ANd   SLIDES. 

Carriages. 

1 

1 

Slides  (Traversing, 
Medium). 

Radii  of  Racers. 

^l- 

Weight. 

Orbmahos. 

1 

3 

G 

^ 

1 

^ 

Nature. 

1 

1 

Nature. 

Front. 

Rear. 

ft.    in. 

III 

ft.  in. 

Slide. 

ft.  in. 

t8.  Ct 

ts.  ct. 

'  Iron 

Moncrieflwith\ 
platform.        / 

16 

6 

— 

-     { 

t  6  10 

X  8  11 

tf  10 
4    S\ 

}lO    61 

18    2( 

Iron 

No.l,  4ft.  8in.  pa- 
ra et  converted 
No.  2,  8ft  6in.... 

6    0 

14    0 

6    H 

.. 

2  10 

»» 

Sliding.Mediam, 
No.  I. 

m 

«♦■ 

»r 

6    0 

14    0 

tl\ 

lUJ 

2  10 

No.  8,  2ft.  7in.... 

6    0 

14    0 

2  10 

< 

f 

t  6    1 

6    t 

8jJ 

Wood 

No.  11, 4ft.  Sin.  1 

$9    0 

S    ** 

6    2f 

1    81 

2    4 

7.in.,  8aoi»i;.      ^ 

., 

Do.  do.,  No.  2  ... 

181 

parapet.          | 

no  8i 

112  10 
6    0 

2    2 
2    2 

16    6 

1 

»• 

No.  12,  8lt.  6ln. 

i    7* 

^ 

1141 

„ 

Do.  do.,  No.  8  ... 

18* 

,^ 

NolSr  8ft.  6in 

6    0 

14    0 

4    S\ 

iiU 

llOf 

Wood 

Do.  do.,  No.  15 

•8 

6 

parapet  llMong 

6    0 
t6    1 

16    6 
0    1 

8    7i 

016 

1    7 

,, 

Do.  do..  No.  16 

•22 

t} 

No    76   dwarf- 

X  9    8 

S    1* 

5    2i 

0  16i 

Tin.,  72cwt. 

Do.  do..  No.  17 

♦19 

»• 

JIO    8i 

2    2 

— 

— 

1  17 

^ 

112  10 

2    2 

6    2 

0  16 

Do.  da,  No.  18 

•8* 

6 

„ 

No.l6.oonverted 

— 

— 

8    7* 

0  14% 
0  17i 

0  18f 

Iron 

Ck>mmoD   stand- 
ing. 

Siege,  6-ft.  para- 
pet, side  closing 

Sl^ngiked'ium,' 

24 

9 

— 

— 

— 

— 

8    6 

i> 

16 

6 

— 

— 

— 

— 

6    6» 

1   6! 

T    I8i 

40-pr.,   86  and 
SSovt. 

Wood 
Iron 

11 
8 

8» 
16 

Iron 

No.  4  .7 

r7k 

s'lk 

4  4 

5  11 

1    8 
1    1 

VI 

No  4. 

Wood 

Oo.  do..  No.   19 

m\ 

6 

Wood 

No.  14,  casemate 

6    0 

16    6 

S    8i 

0  10 1 

1    7 

Do.  do.,  No.  2j 

•20 

6 

No.  17,  dwarf  ... 

6    0 

16    6 

4  lot 

0  11  r 

1  12} 

20-pr.,  16owt.     . 

Iron 
Wood 

Do.  do.,  No.  6  ... 
Field 

10 

16 

Iron 

No.  6 

1    6 

6  10 

8^8i 

0  16 

T    10» 

12-pr.,    8  „ 

Field 

T 

9-pr.,     6 

'» 

Field 

*  Elevation  from  bed,  with  screw  removed, 
t  0  pivot. 
X  D  pivot. 


i  E  pivot 
I  F  pivot. 
T  Weight  of  limberiHthout  stores. 


B.L.    GUN  MOUNTINGS   {NAVAL). 


Weight. 

Width. 

Length  of 

i 

1 

HeiffhtofAxis 
of  ^mnnions. 

Carriages. 

i 

li 

f^ 

Ih 

ct.  qr.  lb. 

P 

I 

oo 
ftTiiisT 

s 

^ 

goQ 

insr 

^P 

tons. 

ft  ins. 

ft.  ins. 

deg. 

deg. 

ins. 

10-inch  V.rj. p.  It 

72    0    0 

6    8-8 

6    1-8 

83    9-6 

14 

19-6 

63-6 

9-2  „ 

V.B.  MarkI 

o6    1    0 

4-6 

6    0 

4    9 

21    8 

10 

1«» 

51-0 

9-2  „ 

V.C.P.  MarkI      

«8    0    0 

— 

6    2 

6    0 

2%  10 

15 

21 

t620 

9-2  „ 

V.C.P.Markll    

..   49    8    0 



6    0 

4    8 

25  10 

12 

17 

t48-0 

9-2  „ 

V.C.P.  Mark  III 

44    0    0 



^ 



16 

— .. 

t89 

8      >. 

V.B.  MarkI 

46    2    0 

2-7 

6  10 

6    5| 

18    6i 

10 

4i 

11| 

39-5 

8      „ 

V.C.P.,  Mark  I    

36    0    0 

6    2 

7    8 

21    6 

16 

15 

62-6 

A.B.MarkI 

.. 

28    1    0 

0966 

4    8 

4    71 

18    9t 

18 

'23 

84-6 

V.R  Mark  I 

28    1    0 

1-33 

4    4| 

fi    7* 

18    9 

16 

11 

40-0 

V.B.  Mark  II 

23    2    0 

1-141 

5    0 

8    6 

13    9 

16 

1» 

40-0 

V.C.P.  MarkI      

22    1    0 

1657 

4    2 

8    7 

18    A 

20 

13 

449 

V.C.P.Markll    

17    2    0 

— 

16 

42  25 

V.B.  Mark  I 

11    2    0 

0-886 

3    1 

8    6| 

11    7* 
11    l\ 

16 

1\ 

9 

87 -15 

V.B.  Mark  II 

11    2    0 

0-896 

2  11 

8    Ol 

22 

^ 

9 

8718 

V.C.P.  MarkI      

12    0    n 

0-86 

8    1 

8    61 

11    7i 

2) 

7» 

9 

88-5 

V.B.  Mark  I 

6    0    0 

0-842 

2    8« 

2    4{ 

10    0 

18» 

28 

7 

2976 

V.B.  Mark  II 

7    0    0 

0-49 

3    0 

8    1 

10    0 

20 

80 

7 

80-76 

*      »» 

V.O.P.  MarkI      

•• 

8    2    0 

— 

2    91 

2  10 

10    0 

20 

20 

Tt 

W-76 

t  nrom  idatfom. 


f  Without  ihiekL 
Y 


X  Af  moonted in  "Sms  PMeil." 


m 

SLIDES. 


tCHncb    V.C.P.    I    (" 
Pm«U''). 


9-8.lneh  V.B.  I. 


9-2 


V.G.P.  MMkl 


•■2  „  V.C.P.  MMkll 

8  t>  V.B.  MMk  I... 

8  ,.  V.O.P. 

6  „  A.B.  Mark  I... 

6  „  V.B.  Murk  I 

«  „  V.B.  Mark  II 

6  .,  V.C.P. 

6  „  V.C.P.  Mark  II 

6  .,  V.B.  Mark  I... 

6  „  V.a  Mark  II 

6  „  V.CP. 

4  ,»  V.a  Mark  I... 

4  „  V.B.  Mark  II 

4  „  v.ap. 


W«igllt. 


ovt.  <|i^  Ibt* 
168    S    0 

lor  1  0 


ITS    0    0 
iDdadinffload 
lag  platform 


227  2  0 

74  0  0 

74  1  7 

84  1  0 

87  8  0 

41  8  0 

46  8  0 

27  8  0 

26  0  0 

19  2  0 

11  1  17 

21  2  0 

18  8  0 


8-8       I 

l-( 
-f 

8T 

2-906 

8*462 

8-81 

2*666 

1-484 
0-T46 
1-408 


Lil«tii. 


ft.    iiM. 
11    8-2 

W  6*  or  18*  6* 

induding  kMd 

log  platlocm. 

8*  ©•  or  ir  9* 
induding  load- 
ing platform. 

10'  4*  ©r  17'  8* 
induding  load- 
ing platform. 

10    6 

8    6 

10    4 


0  0 

8  0 

7  8 

6  4 

6  71 

6  81 

8  7 
•  2 
4  6 


WUth. 


ft. 


6  9 

112  8 

10  t 

7  8 
6  0 
6  U 

6  6 

4  8 

16  9 

4  U 

8  6 
8  8 

2  6« 

8  10 

8  1 


rtant. 


ft. 


2    6 

I 


2  7 

2  6 

8  0 

1  H 
8  8 

0  101 

2  0 

2  0 

2  4 

t  21 

2  2 

2  4 

1  8* 
1  H 
110 


Boar. 


6    1-6 
i 

3    9 


S  61 

t  H 

4  9 

1  8 

Jilt 

8  2 

8  8 

8  0} 

8  2i 

8  81 

2  6 
2  6 
2  8 


n 


10 

18 
15 
16 
IS 
U 
16 


*  Length  of  sliding  raifaoesO'  10^*6.    fVom  front  of  dide  to  rear  faoe  of  rerolving  gon  hoon^ir  lO^t. 

t  7'  4"  aoros  roDer  brackets    5'  V  aoroee  facet  of  elide. 

X  Prom  top  of  elide  to  bottom  of  idler  bracket. 

i  From  top  of  pitton  rod  bracket  to  bottom  of  roller  bracket.    Height  of  rear  and  of  dide  faoe  above  bot- 
tom of  didegirdera8'2'-68.    Height  of  front  end  of  dido  fMse==2'0''«. 


I  Width  over  training  handlee. 


Digitized  by  VjOOQ IC 


837 

SLIDES. 


Pivot  Bar. 


I' 


ft.  Ins. 
No 


S    9 


4    8 


2    0 
8    0 


liii 


SUd 


Slid 
8Ud 


Slid 


Diameter  of  Holes. 


Front. 


Ins. 
Pivot 


Insr         Pi 


ing 
ing 


ing        Pi 


Rear. 


ins. 


Bar. 


2of8 


2o(8i 
Sof2i 
2of4i 
▼ot 


vot. 
vot. 


vot. 


8  . 

Is 

u 


ft.    ins. 


12  11 


10    7-8 


r  10  10-6  -J 
J  10  4-5  l 
l     11    4-6   J 


8    41 


7    6 
7    0 


6    6 


Buffers. 


ReooU 
allowed. 


ft.  ins. 

0  38 

8  6 
2    6 

8    0 

8  0 
2  6 
4    0 

8    6 

2  0 
2    0 

1  8 
1  8 
1  8 
0  11 

0  11 

1  2 


I 


1-^ 


ins. 
9-001 


8-0 


7-46 
••0 


61 

i-1 

11 

61 
6-1 
61 
6-1 
6-1 
61 


r 


Quarts. 


64 
27* 


2U 


17 

12J 
12J 
12J 

7 

7 

9 


Remarks. 


Weight  of  pivot  plate,  89owt. 


Weight  of  pirot  plate,  88owt 
'2(^ 


Weight  of  pivot  plate,  20owt. 


Weight  of  pivot  plate,  9cwt 
lqr..71bs. 


Weight  of  pivot  plate,  6cwt. 
Iqr.  121bs. 


y2 


Digitized  by  VjOOQ IC 
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RACERS    AND    PIVOTS  KR 


KAtana/Onii, 


5  ,.  V.B.  ir»rk  II 

6  ,.  V,B.  MhifcT. 

fi     .<  VX.F, 

6    „  A.B.  Mark  L 

6    „  V.B.MarkI. 

6    ,,  V.B.Mark II. 

6    „  V.O.P.       ... 

6    „  V.CP.  Mark  II. 

8    „  V.B.  MarkI 

8     „  V.O.P.       ... 

9-2,,  V.B. 

9-2  „  V.O.P.  Mark  I. 

9-2  „  V.O.P.  Mark  II, 


Digitized  by  VjOOQ IC 
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B.L.    UOVNTINQS    (NAVAL). 


Baoen. 


lUek. 


i 
I 


inchei. 
81-0 

44-0 


88-84 
42-5 


4 

I 


06-0 


130-0 


7-6 


In  one  piece 
with  rear 


inches. 
8-6 

7-0 


In    one 

with 

rac 


0-0 


6-0 


I 


76 


inches. 
2-4 


piece 
rear 


}.  j 


inches. 
51-6 

66-0 


^  76-6 
76-6 

121-48 
117-27 
li8-2 
12616 


169-0 


186-0 


Rear. 


i 
1 


inches. 
7-0 


12-126 
7-6 

8-6 

] 

)■  17-0 


9-0 


8-0 


t 
I 


inches. 
7-0 

1-0 


1-26 
1-26 


•626 


1-26 


Diameter  of 
Pivots. 


inches. 


1-702 
1-702 

80 

8-0 


4-0 


inches. 
••0 

80 
8-0 

8-0 

SO 


Remarlcs. 


8-0 


rCltp  front  racer  and 
raclc  in  one  piece, 
[radius  84|  inches. 
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340 


2.-MUZ2L&L0ADmG 


Okobaml 


Gum. 


Mark. 


Material. 


17-7i-lB.,100toi»  . 
le-la.,  SOtous...  . 
12-6-ln.,  38  ton*  . 
lS-5-Ui.,  38  Ions  . 
12-ia.,  S6-«w  ...  . 
U-ln.,  26-too  ...  . 
U-in.,  tf  tou ...  . 
10-4  In..  28  Uhm 

It-in.,  18  toBS 

lO-ln.,  12  toiM* 
»4ii..  12  ton* 

0-in.,  IStoM  

8-iii.,  9  tons     

7-iii.,  7-ton      

7-in..«i-ton     

7-in.,«H?irt.    

6-6-in.,  70cwt. 
80-pr.,  80  owt.f       .. 
80-pr.(oc»ird.)6ton8 

M-pr..  6«-owt. 

64-pr.,  64-cwt 

6*.pr.(convd.)71<wt. 
M-pr.,  oonvd.  68-owt. 

40-pr.,  84  cwt 

40-pr.,  S5  cwt. 

25-pr.,  18  cwt 

IC-pr.,  12  cwt; 

16-pr.  (jointed)  4221b. 
13-pr.,  8  cwt I 


I 
I 
1 

U 
I 
U 

n 

I 
II 
III 

V 

{"} 

IV 
lU 

I 
I 


•Wroufffat-Sroo,   wHh 
•tad  tube 


il) 


I 
I 

II 
III 
I 
I 
I 

II 
I 
I 
I 
II 


Cast-iron,  W.I.  tube 

W.I.   steel  or  W.I. 
tube 

W.I.,  steel  tube 
Cast-iron.  W.I.  tube 


W.I..  steel  tube 


Steel 

W.I.  steel  tube 


L 
C 
C 
C 
C 
C 
C 
L 
C 
L 
C 

L 

Cj 

L 

O 

N 

L 

L 

L 


C 
O 
L 
L 
L 
L 
L 
L 
L 


Total 
Leogtiti. 


Bora. 


iw. 
801 -85 

321*0 

290^ 

222*8 

196-0 

182*5 

180-0 


180-0 
145*76 
156*0 

146-76 

144-0 

148-0 
13S-0 
1810 
U8-0 

136-55 

119-5 

120-0 

118-0 

12272 

127-45 

100-6 

120-0 

96-0 

78-0 

70-5 

92-0 


1772 
16*0 
12-5 
12-5 
12*0 
12-0 
11-0 
10-4 
100 
10-0 
9^ 

9  0 

8-0 

7-0 
7D 
7-0 
6-6 

6-29 


90-48 

18-0 

15-84 

15-84 

13-54 

12-00 

13-18 

26-00 

14-56 

12-6 

13*89 

13*89 

1475 

18-0 
15-86 
15-86 
1478 


Chamber. 


■*l 


If  M 


1 

107         '50-72    17010 
18-0         J50nS      14600 

(Jnchamb'd 

14-0        I  41-125  1  600G 

Unehamb'd 


12-6        { 
UnchamVd 


56     i  osaii 


6-8        1210   \    70r 


63 

6-3 

6-29 

6-29 

475 

4-75 

4-00 

3-6 

8-3 

3-0 


18  OH  Unchainb'd 

15-47 

15-47 

16-42 

17-24 

180 

22-0 

22-0 

19-0 

200 

28-0 


•  This  gun  is  the  9^iach  bored  up  to  10  inches,  and  is 
f  Foe  Victoria.  Austnlia^  onl/. 


3-2      I    8-S7  I 
315    I  14-13  IllO'SS 


designated  lO-iaofa  Mark 


III 


lU 


m 


O-lBch  I  *  04ndi  n  '  fiaeii  la ' 


Ul 


►BDNANOE  (R.M.L.) 

RlFUHS. 

Vent. 

WITH  Full  Chargss. 

.3 

►  i 

S 

Penetra- 
tion of 
Wrought 
Iron  in 
inches. 

Ouwmci. 

TwiftlnOaUbres. 

.3 

i 
i 

Position. 

end  of 
Bore. 

Guns. 

Sistem. 

h 

21 
22 

f»           

1. 1  in  160 to  1  in 60,  at 288 in. 

from  rouade.  remainder  17. 

I.0tolin60cal8 

902-88 
227-4 

28 
88 

Axial 
Axial 

1648 

164U 

88283 

28 
28 

17-72-in.,100toiis. 
1  -in.,  80  tons. 

roolwioh 

I.  0  to  1  In  86  cals. 

170-6 

9 

12-0 

1442 

11823 

16 

15 

12-6-in.,  88  tons,!. 

»•         

1. 1  in  488  to  1  in  86  calfl.    ... 

166-87 

9 

^Axial 

1676 

14140 

17-6 

16 

12'5-in.,  88  tons, 

II. 
12-in.,  35  tons. 

i»         

I.  0  to  1  in  86  oals. 

186-0 

9 

12-0 

1340 

8800 

14 

IS 

»»         

L  1  In  100  to  1  in  60  cab     ... 

127-0 

9 

9-8 

1292 

7124 

12 

11 

12-in.,  26  tons. 

t»         

I.0tolln86oalB 

1190 

9 

10-0 

1800 

7880 

IS 

12 

U-in.,  26  tons. 

Wyipx)oye(pUin 

•eotion) 
roolwich 

I.  Iin200tolin40  oals.    ... 
1. 1  in  100 to  lin 40 oals.    ... 

218-4 
118-0 

21 
7 

Axial 
11-0 

1810 
1879 

10600 
6406 

17 
12 

16 
10 

10-4.hi.,28ton8. 
lOin..  18  tons. 

I.  linlOOtollnSeoala.    ... 

101-8 

82 

2-6 

— 

— 

— 

10-in..l2ton8,IIL 

roolwicli 

1.0  to  lin  46  oals. 

104-0 

6 

9-7 

1440 

8696 

10 

9 

9-in.,  12  tons,  I. 
toV. 

>6lyfinnoove(plalii 
seotion) 

I.  lin  100  to  lin  86  at  22-6  in. 
from  muzile,  remainder  U. 

96-0 

102-0   ^ 

99-6   / 
1106 

27 

2-6 

1194 

- 

- 

- 

9-in.,  12  tons,  VI. 

A.  B,C. 

Woolwich 

I.  0  to  1  in  40  ealB | 

4 

9-2 

1380 

2891 

8 

7 

8-in.,  9  tons. 

(*         

U.  lin  86  cals.       

8 

8-6 

1661 

1948 

8 

6 

7-in.,  7  tons. 

»f        

U.  lin  85  cals 

06-686 

8 

8-6 

1525 

1854 

8 

6 

7-in.,  6i  tons. 

»»        

U.  lin  86  cals 

96-686 

3 

8-6 

1825 

1400 

7 

6 

7-in.,90cwt. 

HdygrooveCpUin 
McUon) 
»»         •••    •■• 

1. 1  in  100  to  1  in  86  at  18-2  in. 
from  mmude,  remainder  U. 

76-6 

20 

6-2 

1416 
1558 

1896 
1387 

^ 

6-6  in.,  70  cwt. 
80.pr.,80owt. 

roolwioh 

U.  lin 40 oals 

106-26 

3 

1-86 

1230 

944 

— 

80-pr.  (convd.),  6 

Shunt  or  plain 

U.  lin 40 oals.       

90-6 

S 

6-2ort-l| 
6-2   j 

1126 

688 

- 

- 

lain 

U.  lin  40 oals.       

90-6 

8 

6-2 

1890 

897 

- 

- 

64-OT.,    64    cwt.. 

i>     ••• 

U.  lin 40 oals.       

06-27 

8 

1-7 

1260 

787 

— 

- 

64-pr(oonvd.),71- 

cwt. 
64-pr.  (oonvd.)  68- 

cwt. 
40-pr.,  84  owt.,  I. 

99          ••• 

U.  lin 40 oals.       

101-46    ' 

8 

1-8 

1260 

787 

- 

- 

NToolwioh' 

U.  lin  86  oals 

71-6 

8 

0-6 

1840 

478 

— 

- 

»»        

U.  lin  86  oals 

00-6 

8 

1-0 

1426 

666 

- 

- 

40-pr.,86owt..II. 

»♦        •*•    ••■ 

U.  lin 86 oals 

78-0 

8 

1-0 

1860 

822 

- 

- 

25-pr.,  18  owt 

Pkmoh.modifled 

U.  lin 80 cals 

68-4 

8 

0-6 

1866 

203 

- 

- 

16-pr.,  12  owt 

?«lijnooTe(pUln 
teotion) 
fi        •••    ••• 

I.  1  in  eo  to  I  in  20  at  16-13  in. 

from  musxie,  remainder  U. 
I.  1  in  100  to  1  in  80  at  0  in. 

from  munle,  remainder  U. 

67-18 
600 

20 
10 

4-8 
7-0 

1040 
1606 

112 
220 

iJlQ 

tizea 

W^ 

13-pr.,  8  owt. 

t  64-pr.  Mark  I.  aimi  with  shunt  rifling  wlU  be  condemned  when  ibey  oome  to^e  AnenaL 
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MUZZLE-LOADm 


1 

Bote. 

Chember. 

Obmaim. 

TbUl 
Length. 

1 

Ouiia. 

"*i 

lUterUI. 

Serrke. 



z       ^-  ^  1 

•l».,»«»t.     

(     1 
I     II 

W.L,  itoel  tnb« 
If               *i 

..1       L^i 

tin. 
fi-o 

ins. 
8-0 

ai7 

i 

UncfaMnbM     ...       - 

1 

H»-.<-o«t    

I 

»»               i» 

H 

ei^ 

8-0 

16il7 

„              

9-pr.,  »«wt.    ^    ... 

(IlftUI 
1     IV 

Stod 

c 

T4-6     1 
74-876) 

8H) 

S2-0 

' 

S-64q.{Jolatod}«nib. 

I 



...        L 

70-46 

«-8 

98-6 

2-56    1  11-07  1       64j 

7-pr.  (braoM)  no-lb. 

II 

Braoae      ...      . 

...      N 

S8-125 

8-0 

101 

UnehMub'd      ...      ■-   ' 

r-pr..  tOO-lb.    .^    ... 

IV 

St««I 

...        C 

41-0 

8^ 

12-0 

•«              —      •" 

7iNr.,U0-lbu    ^    ... 

III 

„     

...!      L 

»-126 

8D 

8-0 

»t              —      — 

Hovmus. 
6-in.,  70-owt.    ...    « 

{: 

W.I..  iteel  tub« 
Steel 

)i ' 

118-0 

8-0 

12-0 

-  ^ 

8-in.,  46-ewt.   

I 

W.I..  itoel  tube 

...'       L 

64-0 

8-0 

6-0 

6-«-iii„  86-owt.       ... 

(     I 
1    n 

fi             f» 
Steel 

)!   ' 

90-7 

6-6 

12  0 

•»              —      —  , 

e*S-in.,  ISH^rt. 

I 

W.I..  gteel  tabe 

...j       L 

eex) 

6-3 

714 

„ 

4  ia.  (Jointed)  60O-lb. 

I 

Steel 

...        L 

57-45 

4*0 

13-0 

.. 
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OHDNANCE    (R.M.L.).—{ConHnued). 


BiFLIHQ. 


Vent. 


Ballutic  Eppicts 

WITH  FaLLGHAKOBS. 


a 

System. 

Twist  in  Calibres. 

J- 

French,  modified 

U.  linSOcals 

69-8 

1 

„ 

U.  linSOcate 

49*3 

M 

U.llnSOcals 

62-8 

Polyip:oove(plain 

section) 
French      

I.  1  in  80  to  lln 90 at  3-5S  in. 

from  muzzle,  remainder  U. 

U.  linaocals 

64-73     , 
29-5 

f»            

U.  llnaOcals.       

34-0 



U.  lin20calB 

22-0 

Polygroove{plaIn 

L  1  in  00  to  1  in  86  cals.      ... 

88*0 

Woolwich 

U.  liniecals 

36*6 

PolyKroove(plain 
section) 

I.  1  in  94  to  1  in  86  cals.      ... 

74-126 

1 

1. 1  in  100  to  1  in  35  cals      ... 

80-7 

••         

I.  0  to  1  in  25  at  8*3  in.  from 

47-0 

^4 


Position. 
Ins.  from 

end  of 

Bore.     '  S 

-a 


II 


0-6 

0-6 

0-6 

6-26 

-76 

1-0 

1-0 

20 

1-76 

1-6 

1-125 
10 


1330 

1250 

1330 

1440 
914 
950 
673 

956 

697 

839 

761 
836 


^1 


119 

97 

121 

100 
40 
47 
28 

1160 

608 

488 

285 
97 


Penetra- 
tion of 
Wrought 
Ironin 
inches. 


Oedhakck. 


Quns. 


<   < 


9-pr.,  8  owt. 

9-pr.,  6cwt.,  1. 

9-pr.,  6  cwt.,  II., 
III.,  IV. 

2 -Sin.,     400    lb., 

Jointed 
r-pr.,     200     lb., 

oronse 
7-pr.  20Olb.,  steel. 

9-pr.,  160  lb. 

HowiniBB. 

8-in.,  70  cwt. 

8-In.,  46  cwt. 

6'6-iD.,  36  owt. 

6-3-in.,  18  cwt. 

4-in.,        Jointed, 
I    600  lb. 


Digitized  by  VjOOQ IC 
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\DINO    ORDNANCE    (R. 


lT-7«-in..  100 
toe 


li-ft-iB^aSkni    L 


Gbab«i»— (Weiiriit  in  pout 


Stndleas 


460  Prismi  black  or  PriicnSA 
460  Prigmi  brownA    


J£. 


130  PiDa ;  1A5  Priaoxl  bbck 

i?cra 


8374  Prisn^    j 
lOOPaca         ^ 


Common  Shell.    Shraiiiel  Shell. 


a 


Empty,  complete,  with  Oaa- 
check. 


Mark.   lb.     oz.    Mark.l  lb.     oz. 


Ilia 


I9il    8 
1(40 


1 


1585 


oil 


|199(J    0 
l.«5  13 
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Ji.M.L.   CARRIAGES  AND  SLIDES  (LAND  SERVICE). 


>B.DNA!IOB. 


da»i; 


Material 


100    tons 
.  i^ln.,       80 
'•.:  .    toiiB 


ir5-in..   38 
Ions 


in.,      36 
»ns 

In..      25 
ons 

In.,      26 
iotui 


Carriages. 


Iron 


4-in.,    28 
one 


•Nature. 


7-ft.   recoil,   small 

port 
6-ft.   recoil,    small 

port 

ft.    recoil,    ca 

mate 


6-ft.   recoil,    case- 
mate or  dwarf 


Converted      small 

port 
Dwsrf    


Icasemate   or 
r    dwarf 


Barbette 


10 


16 


.15 


f  Casemate  or  dwarf  10 


Casemate,  Mark  II. 


n..       18  i 

>iu»  I      "     ^ 


10 


Casemate  or  dwarf  10 


i  V,|8mall  port    I  0 

1.,      12,     M        ,aarrisln,MarkIII.I... 


Slides. 


i  iMateriall 


Nature. 


Iron 


6  I 
5  ' 


Radii  of 
Racers. 


7-ft.    recoil, 

port 
6-ft.     recoil, 


snail 
small 


port 
7-it.    recoil,     cose- 
,    mate 
/'6-ft.     recoil,    cose- 
'    mate 
Dwarf,  "C"  

6-ft.     recoil,    case- 
I    mate,  special 
Dwarf,  "D" 

7-ft.  parapet,  "C," 
converted  case- 
mate, special 

7-ft,  parapet,  "C," 
converted  dwarf 
"0" 

"C,"        converted 

vmallport 
Dwarf  "C"  ... 


/'Casemate,  to  work 
I  j    within  lenfirth 
I  I  Dwarf,  "A'^^rear... 

'      „    "C,"  central 

I    or  side 

7-fr.  parapet,  C 


Front 

ftT  in. 

• 

10  2 

10  2 

10  8 

10  2 

5  8 

10  2 

8  0 

5  8 

6  8 

5  8 

5  8 
8  0 
8  0 

6  8 
6  8 


'Barbette  ... 


fCa-we-    rMarkl.    ... 

mate, 

I    to  ,,  II.    ... 

<  work  -( 

I  with-         „  special 

I    ir*       I 
Ljlength  V,    „      con- 

1  verted 

rpwarf,  A  pivot,  rear 


O 
D 


central 


I 


7-ft.     parapet,     C, 
I    Mark  I. 

Small  port     ... 

i7-foot  parapet,     C, 
,     Alark  II. 


ya  0 


6  8 

9  0 

6  8 

8  0 

5  8 


Rear. 
ft."in. 

21  2 

20  2 

21  2 
29  2 

R  8 

21  2 

8  8 

6  8 

5    8 

5  8 

6  8 
18  0 
18  0 

5  8 
5  8 
12  101 

18  0- 


{ 


5  8 

S  0 

5  8 

18  0 

5  8 


y 


•2-* 

ti~ 

_Kfl 

ft.  in. 
lU    0 

6    61 

'H  7i 
.t6  9i 
4  111 
4  111 
6  Oi 
4  1U 
6  01 
8    9i 


8    91 

8  101 
6  01 
4  1U 
6  8 
6    8 

9  U 
4  21 
4  21 
4  111 
4  111 
6  0 
6  0 
6  0 
8    91 

8    91 


Carriage. 


Weight. 


tons,  cwt 
20    7 


10  0} 
9  13) 
6    81 


«    «i 


5  151 

5  71 

6  1 
2  111 

8    7 

2  lU 

6    0 

8    01 


*  Not  more  than  10°  to  be  given  when  firing  full  charges. 
t  Greatest  height 


t  Least  height. 
Digitized  by  VjO* 
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Carriages. 

1 

i 

1 

Slides. 

Radii  of 
Racers. 

c^ 

Weight. 

ill 

3R0irANCB. 

e 

e 

c 

fP 

Material 

Nature. 

5 

> 

.2 

Material 

Nature. 

Front 

Rear. 

lU 

H^ 

Carriage. 

Slide. 

u 

ft 

S-i 

• 

r 

Caflemate,to  work  \ 
within  length     f 

Dwarf,    A   pivot,  C 
rear                   ; 

ft.  in. 
6    8 

16 

in. 
6 

ft.  in. 

(  *    ^* 
5    9 

tons,  cvt 

tns.  ct. 
/S14I 

4  17 

r 

Casemate  or  dwarf, 
Markl 

10 

f. 

Iron- 

Dwarf,     C      pivot, 

central 
Dwarf,  D  pivot     ... 

5    5i 
9    0 

5 
2 

6| 
3f 

6    9 
5    9 

2  aj 

-  6  10 
6    7 

L 

7-ft.      parapet,     C 
pivot.  Mark  I 

5    6} 

5 

H 

8    6i 

t 

.«    1 

Converted    Naval,  12 

9 

^^ 

Converted      Naval 

6    1 

13 

5 

4     1 

2    4 

8    0 

single  plate 

slide 

*> 

Casemate,    Elswick 

6    6i 

16 

6 

4  Of. 

— 

2  17J 

9-in.,    12 

Iron-< 

/ 

7-ft.     parapet,     C 

pivot,  Mark  III 
7ft.      parapet,      C 

5    61 

6 

H 

8    6^ 

2    8 

8    8i 

torn 

Garrison,  Mark  U. 

20 

12 

5    5f 

6 

H 

8    6^ 

2    8 

— 

pivot.  Mark  IV 

High  An^le,  Mark 
High  Angle,  Mark 
High  Angle,  Mark 

70 

— 

— 



4    0 

4 

9 

9    6J 

20  16 

— 

70 

- 

— 



5    6} 

5 

6f 

8  101 

- 

— 

70 

- 

- 

4    4 

4 

4 

6    6 

16  ISi 

— 

L 

Moncrieff      

15 

f, 

— 

11  10 

6 

S 

14    0 

26  10 

14    0 

( 

n     "1 

Converted    Naval. 

12 

0 

Iron 

Converted       Naval 



_ 

8    H 

1  19i 

2  15i 

Mn.,  Otons 

Hirigle  plate 

slide 

I 

Elevation      

16 

0 

»» 

Elevation        

— 

- 

3    b\ 

1  19 

2  161 

• 

Casemate       

Dwarf,  A  pivot     ... 

6    3 
6    3 

16 
16 

6 
6 

4    U 

6    8f 

rilZ 
8  17} 

Casemate  or  dwarf 

20 

5 

Iron 

„       c     „ 

5    5] 

5 

61 

5    8f 

•  1    71 

'  4    01 

r-in.,  7  tons 

M     - 

D     ., 

9    0 

2 

81 

6    8* 

.4    Oi 

Moncrieff,  Mark  I. 

15 

5 

— 

- 

8    3i 

5 

s\ 

lOllf 

«  ^ 

— 

,.       Mark  II. 

15 

6 

— 

- 

9  10 

6 

n 

12    Si 

S2  18 

- 

/ 

Dwarf,     S.P.    car- 

_« 

„ 

6    8 

}... 

/4    01 
U    Oi 

Converted    Naval, 
S.  plate 

13i 

riages,  C  pivot 
Dwarf,     S.P.     car- 



_ 

5    8 

riages,  D  pivot 

Converted   Naval, 

15 

Converted    slide,- 

,  8    6 

1  12 

1  19 

r-in..       6i 

with     hydraulic 

4°  slope  for  hy- 1 

f 

>f     "* 

buffer 

draulic  buffer     I 

6    1 

18 

6 

1 

tons 

Converted    Nazal, 

15 

Converted    slide,  f 

i    3    4J 

1    7J 

im 

with  compressor 

4°   slope,    with) 

gear 

\ 

\ 

Iron     sliding, 

30 

^ 

Traversing  medium. 
No.  7, 6ft.  parapet 

6    1 

6 

1 

7    1 

2  14i 

S15i 

medium.  No.  7 

5-6-in.,     70 

Steel 

Siege  (H.P.) 

12 

— 

— 

— 

- 

8    H 

2  12i 

— 

cwt. 

80.pr.(con.) 

Wood 

Sliding     medium. 

7§ 

5 

Wood 

Traversing  medium 

5    0 

16 

6 

8    6} 

0  15t 

1    7 

5  tons. 

No.  21 

No.  14,  casemate 

§  Elevation  from  bed,  with  screw  removed. 
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Carriages. 

i 

1 

e 

Slides. 

Radii  of 
liacers. 

11. 

Weight. 

Obohahcb. 

Material 

Nature. 

Mrurrial 

Nikhin. 

Front 

.Rear 

Cftnrlflgt. 

Slirlc. 

/ 

Traverfling  me-     D 
ilium.  No.  16r 
dwarf                   S 

ft.  In. 
0    1 

tf    3 

ft-  In. 
3    41 

(t.  In. 

toOB.  CM't 

ttis.  et. 

ni7 

80-pr.(oon. 
5  tons 

)   Wood 

Slidine     medium, 
No.  22 

18i 

6 

Ww>d. 

/C 

la  1<) 
B    1 

\ 

-  0  IfSl 

, 

Travcrwntr  tuu- 
d  ill  111,  No.  18,  H 
6-tt.  puriipbt 

E 

0    a 

a    41 

^  7    1 

' 

U  13 

If 

12  10 

" 

Common,  standing 

19§ 

10 

— 

^C 

0    1 

— 

— 

0  &I 

— 

Iron 

Sliding     medium, 
No.  0 

16 

6 

IroH 

dhim,   No,    oj  '^ 
f>-ft.fi-iti.  por*'l  p 

0    0 
10    SI 
12  10 

3    *1 

■  B    ^ 

1    7 

2  tS 

64-pr.,  «^ 
cwt. 

fA 

e  0 

l(t    6 

^ 

»» 

Sliding     medium, 
No.  8 

16 

6 

.. 

Tnivonlijfj  me- 
!  cihiu]^    No,  e,' 
1  e  rt.  panpel 

c 

0    1 
^0    g| 

7     0 

I  U| 

3    02 

' 

Ie 

12  lU 

} 

fA 

fi    0 

10     « 

K 

k       »» 

Sliding     medium, 
No.  26 

16 

6 

Tmvereinjr  me-    C 
dtuBi,  No.  21,' 

If 

e   1 

10    S| 
IS  10 

7    0 

1  Hi 

- 

»» 

Sliding  medium  ... 

20 

6 

— 

^C 

0    1 

— 

».    « 

OlTi 

— 

64-pr.,  71 
and  68- 
cwt. 

„ 

Sliding     medium. 

16 

6 

dium.  No.  U, 
dwijf 

D 

£1 
.F 

a  0 

10    8i 
IS  10 

a  ii 

s   U 

.   1     » 

(^    * 

. 

Trove  mng  mediuiii 

5    D  ic    a 
C    1     fl    1 

J 

[l  Hi 

Wood 

Sliding     medium, 
No.  28 

20§ 

6 

H. 

Ttmvernlng  me- 
dium. No.  \%t 
dwarf 

D 
E 

9    3     3    4j 

10  sj  a   2  1 

r       fi              I 

0 1^ 

1  !7 

u 

12  10     2    i 

I  RtoTatiOB  from  b«d,  with  screw  removed.  ^  t 

The:l6tter»  A,  B,  C,  D,  E  and  F  r«fer  to  the  li*tQi<«t6f  ^JvoV'^^g^^ 
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Carriages. 

I 

i 

1 

Slides. 

Radii  of 
Racers. 

n 
ill 

Weight. 

o 

c 

c 

k-Oh 

Ordnahcb. 

1 

a 

B 

<^^ 

Material           Nature. 

.| 

1 

Material 

Nature. 

Front 

Rear. 

oil 

Carriage. 

Slide. 

1 

*-  *t. 

1 

IF 

a  a 

ft.  in. 

ft.  in. 

ft.  in. 

tons,  cwt 

tnact. 

64-pr.,  71  h 
68cwt. 

Wood      Sliding,    medium, 
1    No.  28 

20§ 

6 

Wood 

Traversing  me-  f  fC 
dium,  No.  18.-^.  ^ 
6ft.  parapet,    {^ 

6    1 
9    3 
10    8i 
12  10 

6    1 
8    4 

II* 

}'" 

0  124 

2  13 

„        Common,  standing 

17§ 

6 

- 

- 

- 

- 

3    44 

0    81 

- 

Iron       Sliding,    medium. 

16 

8 

Wood 

Traversing  medium, 

6    0 

14    0 

4    6 

1    44 

IIOJ 

64-pr.,  71 

No.  11 

No.  IS,  caoemate 

cwt. 

" 

Sliding,    medium, 
No.  12 

12 

8i 

>* 

Traversing  medium. 

No.  19,  2-ft.  7-in. 

parapet 
Traversing  medium. 

6    0 

16    6 

8  10 

1    8 

1  m 

Sliding,    medium. 

15 

6 

II 

6    0 

16    6 

7    0 

1    8 

8    8 

No.  10 

No.  20,  6-ft.  para- 
pet     _ 

r 

Wood 

Common,  standing 

17§ 

6 

- 

— 

- 

8    44 

0  14f 

- 

„ 

Depression    

— 

30 

- 

- 

- 

— 

3    44 

0  16 

- 

Iron 

„            

- 

S2 

— 

- 

- 

- 

8    7 

1    91 

- 

64-pr.,  68, 

Wood 

No.  25 

io« 

(; 

Wood 

Traversing  medium,    6    0 

16    6 

3    64 

0  11 

I    7 

cwt. 

No.  14,  casemate 

.«    'V 

Iron 

No.  13 

— 

— 

»i 

Traversing  med  turn,     — 
No.  11  or  12  («e« 

— 

— 

1    24 

— 

page  347; 

. 

1* 

Moncaiefl,       with 
platform 

104 

5 

\D 

6  10 
8  11 

6  10 
4    84 

}l0    5 

11    9 

— 

r 

Slldiiig,     medium, 
No.  14 

10 

8 

Iron 

Traversing  med  ium, 
No.  10,  casemate 

5    0 

14    0 

3    6 

0  114 

1    4J 
Umbe 

40-pr.,  84  & 

Siege,  Mark  I.     ... 

85 

5 

— 

— 

— 

-*• 

4    6 

1    7 

0  isi 

BScwt. 

** 

„     Mark  II.    ... 

86 

5 

- 

- 

— 

— 

4    5 

1124 

om 

Top,  overbank     ... 

35 

6 

— 

- 

- 

- 

6    8 

♦0  104 

- 

26-pr.,      la 
cwt. 

r 

Field      

45 

6 

- 

- 

- 

- 

8  10 

0  16 

om 

f> 

Sipge,    top,    over- 
bank 

Mark  I.,  strength- 
ened 

35 

6 

- 

- 

- 

- 

6    0 

•0    84 

- 

Ifl-pr.,      12 

..     { 

22J 

12* 

- 

— 

— 

— 

8    74 

0  134 

Oil) 

cwt. 

\ 

Mark  II 

17 

15 

— 

— 

— 

— 

8  n 

0  18 

on 

15pr.  Joint- 

Steel 

Mountain,  Mark  I. 

25 

10 

_ 

— 

— 

— 

2   14 

0    3f 

— 

ed.  42S11M 
I'l.pr.gowt. 

„ 

Field      

l*? 

6 

— 

- 

- 

- 

3    7 

0  12 

012 

9-pr..  8  &  t 

Iron  • 

Mark  I.,  strength- 
ened 

21 

4 

— 

— 

— 

S    64 

0  12g 

Dili 

cwt. 

Mark  II 

22 

6 

— 

— 

— 

— 

?■    64 

0  118 

0  111 

2-5-iii.,  r 
Jolnteci- 
400  IbB.  V 

Steel 

Mountain,  Mark  II 

26 

15 

— 

— 

— 

— 

2    If 

0    41 

— 

•> 

Field,  Mark  I.      ... 

27J 

12* 

— 

- 

- 

- 

2    4f 

0    4f 

0    6 

Iron 

Field      

36 

10 

- 

- 

— 

-- 

8    8f 

0    94 

0    91 

7.^«K.. 

»» 

Mountain      

88 

8 

- 

- 

- 

- 

2    1} 

0   84 

0    Si 

1 

i» 

Bed 

22 

6 

— 

— 

— 

— 

1    2J 

0    8 

— 

*  Weight  of  top  carriage  only.  <  Elevation  from  bed,  wit^  screw  r«nored. 

The  letttn  0  D,  E  and  F  refer  to  the  nature  of  pivot.        jOOQIC 
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OartUgm. 

1 

i 

SlldM^ 

Kadilot 
Racers, 

li 

Wdgbt 

Oednahob. 

.5 

e 

a 

MaterUl 

Nature. 

1 

Material 

Natoro. 

Front 

Beftr, 

a.  ill. 

^1? 

Carri«ge. 

SUde. 

. 

Iron 

Bed .,    ... 

45 

6 

_ 

fU  in. 

h.  in. 
1  n> 

tOJi*,  Oftrt 
U     2! 

tna.et. 

'■a.^- 

Steel 

OoldOoMt  ...    .^ 

20 

6 

- 

— 

— 

- 

t    Q 

0    H 

— 

• 

Wood 

»»           •••    •" 

20 

0 

- 

- 

- 

- 

f    0 

0     2* 

- 

8-ln..    70/ 

Iron 

Siege,  70-owt.     ... 

36 

6 

- 

- 

- 

- 

4     f^ 

2     4 

loi«A 

cwt.     i 
8-in.,    46  ( 

»t 

Siege,  ie^mt.,  con- 
verted 
Siege  46H}wt.     ... 

80 

"~ 

__ 

^ 

^ 

— 

*     8i 

S  11^ 

to  ISj^ 

cwt      ( 

t» 

Bed..     ^ 

46 

- 

- 

— 

— 

^ 

S    6 

1  13 

- 

6'6-iii.,86/ 

»» 

Siege     

85 

6 

- 

- 

— 

- 

4    b 

1  IB 

»0  12A 

cwt.     i 

Steel 

Bed 

46 

- 

- 

- 

— 

— 

3    Oi 

1  U 

- 

«-S-in..l8/ 

Iron 

Siege     

40 

6 

- 

- 

— 

- 

4     5 

im 

toisa 

owt.      -j 

Steel 

Bed 

70 

- 

- 

- 

- 

~ 

B    ttl 

iiii 

- 

4-ln.  loini- 
•d,e001bfl 

»• 

Mountain     

86 

7 

— 

— 

" 

2    2| 

0    51 

« 

t  For  liege  train,  12^  owt. 
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3._QUICK.riRING    AND 
QUICK-FIRING 


OKU^^tiJICK,  Qt'lCK-PlflJWQ 


Nature. 


6-inch     ... 


4'7-lnch ... 


4-ineh 


12-pr.  12cwt. 


12-pr.  8cwt 


]Tot(?hkli«,  u 


a-pr.  { 


Nonlenf  Hltt  Q-pr. 


tlotohklM, 


a-pr.  ^ 


Noidenftlt,3-pr.... 


Mark. 

Weight. 

I,  III 
U 

7  tons 

I 
II.  m 
IV,  c 

41cwt. 
42  cwt. 

■ 

28cwt 

I 

12  owt. 

I 

8  cwt. 

I 

It 

Scwt, 

I 
11 
til 

BowL 

ri 
■  1 

Material. 


Steel 
Stetl  and  wire 


Steel 
Steel  and  wite 


Steel  and  wire 


?} 


i 


249-26 


^  II 

C      I  194-1 

Nil 


165-25 


Steel  O        123*6 


Steel  .    N      I    87-6 


T  ficvt. 

II 


Step! 


Steel 


8t«*l 


Boftit. 


^ 

. 

•g 

•c 

M 

e 

s 

? 

Xi 

Jo 

^ 

3 

^ 

6-0 

340 

4 -724 

189 

4  0 

160 

8  0 

120 

3  0 

84 

V   W6S  aanlsfl^fl 


0     ■    10**4 


S}i 


et^'OS 


I  4  cwL  :  St^cl 


t  M5 


^21 


I'ilfi       74 


r*i6 


B^Ltwrro  KrTKTTs. 


1| 


a 

S 


'I 

i  5 
o 

i 

3 


a  1882       2458 
6  2200        8356 


a  1786 
6  2188 


6  2456 


h  2-210 


61607 


ists 


1*73 


l(»SO 


Penetration 

of  steel  Plate 

in  Inches. 


995 
1494 


1046 


423*4 


223-8      3-9 


9-4 
11-1 


6-7 

8-4 


7  6 


5-6 


1S«^ 


S$0-Sl    3  4 


ft44 


S-5 


6-4 


2-8 


i« 


1^ 


1^6 


a.  With  powaer  charge.  6.  With  cordite  charge  at  80  degrees  F. 

c.  Some  4-7  inch  Mark  III,  all  Mark  IV,  and  all  guns  of  future  manufacture  will  have  the  lett«r  A  added  to 
thtir  nomenclature,  indicating  that  they  are  fitted  with  the  Uppet  arrangement  menUoned  \n  JAtit  nf 
Ckanges,  {  7119. 
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MACHINE    GUNS. 
GUNS. 


RiFLDra. 


System. 


^    Polyirroove 
(book  section) 


}PolyCTOOi 
(Rlswick 


{Polygroove 
(plain  section} 


{Polygroo^ 
(Elswiok 


ive 

iok) 


Polygrroove 
(Elswiok) 


Polygroove 
(plain  section) 


Polygroove 
(plain  section) 


PolygreoTft 
(plain  section) 


{PoJjj^roove 
{plain  i^ctton; 


Twist. 


II.  from  1  in  60  at 
breech,  to  1  in  80  at 
muzzle. 


I.  from  1  in  100  at 
breeob,  to  1  in  84-852 
at  6*65  incbes  from 
the  muzzle.  Be- 
mainder  U.  1  in 
84-862 

Straight  for  21-686 
inches  from  breech, 
then  increasing  from 
0  to  1  in  80  at  1*92 
inches  from  muzzle. 
Remainder  U.l  in  80 

I.  from  1  in  120  at 
breech,  to  1  in  28  at 
muzzle 


I.  from  1  in  60  at 
breech,  to  1  in  98  at 
muzzle 


[.  from  1  in  180  at 
breech,  to  1  in  29-89 
at  9*98  inches  from 
the  muzzle.  Be 
mainder  XT.  1  in 
29-89 

I.  from  1  in  180  at 
brpeoh*  to  1  In  ^9*80 
at  U  -^  Inrhc^  (roin 
the  uuuule^-  Fie 
mainder  U.lLn  20 '£D 


U.  Hn  sa 


.  from  1  tn  100  at 
)>rcfch,  to  1  in  UO  at 
fi-r  inchcA  from  the 
mustxli;,  OetiiAitulei 
U.  1  in  3^> 


.a 
t 

a 


171 


148-466 


108*815 


74-81 


76-91 


81-91 


WSS 


GSS17 


Grooves. 


24 


16 


16 


24 


^ 


0-6 


0-6 


r-86 

\-81i 


d 
Slbe 


0*4 


0-4 


0-22 


0-22 


123 


I 
0-06 


0-04 


•06<f\ 
-046/ 


0-04 


0-04 


0612 


0^12 


<rOU 


FUK 


Time. 


PereuBdon. 


—         6-inch 


Ordnihci,  Q.F. 


Nature. 


niiM    d'Ois 


Middle 
sensitive 


BassperoQs- 
sion,  Arm* 
strong  III. 


Hotohkiss, 
base 


tt-S 


4-7-inch 


4-inch 


12-pr.  12owt.  . 


12-pr.  8owt. 


HotehkisB,6-pr. 


Nordenfelt, 
pr. 


Ilotchkin,  S-pr, 


Kordenfett^     S- 


Hark. 


{^" 


ni 


n> 


{h 


ITf 


{.V 


d.  At  the  breech  end. 
At  the  mussle  end. 
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MACHINE 


MACBUni  OCRS. 

Nature. 


Nordenfelt 


Oftrdner 


OftUbre. 


converted  from 
0-4-in. 


OaUIng     ... 


**Accle8*Fced' 


int. 
1-0 


1-0 

1^ 

1-0 

0*45 

0*46 

0*45 

0-45 

0*46 

0-46 

0-46 

0*46 

0*4 

0*45 
0*86 
0-46 
0*45 
0*46 
0*46 
0-80R 


4 
I 
4 

9 

5 

1 
1 
2 

3 

3 

10 
10 

1 
1 
1 


I 

1 


I 
I 

n 
m 

IlLH. 
IG.G. 
II  G.G. 
IG.G. 

M.H. 
IG.G. 
IM.H. 

IG.G. 
IE.H. 

M.H. 

IG.G. 
I  G.G. 
IG.G. 
IM.H. 

I 


I 

III 


N 

N 
N 

N 
L 
N* 

N* 
N 

L 

N» 
L 
N* 
L 

L 
N 
N* 

N 
N 
L 
L 


lbs 
180 


496 


6S*76 
67-0 


440   sr-o 


447 

108 

160 

148 

76 

69 

120 

02 

268 


787 

402 

866 

60 

60 

eo 


67-0 

41*6 

460 

42*26 

47*0 

47-0 

47*0 

47*0 

68*6 

46*6 

46*6 

66*6 

69*0 

61-0 

48*75 

43-6 

4t*S76 


yds. 
8000 


8000 


85-48 
86*48 


8000  86*48 


8000 
1800 
8000 
2000 
2000 
2000 
8000 
2000 
2000 
2000 


2000 
2000 
2000 
2000 
2000 


8000 
1500 


86-48 
28-6 
88-6 
8B*S 
80i) 
800 
80*0 
800 
88*0 
28-6 

88*6 

88-0 

81-06 

32-0 

28-8 

89*8 

28*876 


I 


Hmj3ta. 


^ 


Heniy 


Enfield 


Henry 


1 

1 

i 

s 

^ 

Ihi 

in. 

86 

81*38 

60 

81-39 

86 

81«W 

86 

81*89 

28 

25*6 

82 

25-6 

22 

85-6 

82 

8T-1 

28 

87-1 

28 

271 

28 

27*1 

22 

301 

15 

26-5 

22 

26-6 

80 

281 

» 

29D 

82 

891 

82 

26-81 

22 

86-75 

Hetford      10     25*685      7 


a  TheM  guns  in  future  will  be  rifled  on  a  different  qntem,  having  6  deep  grooves. 
*  l-he  use  of  these  guns  in  L.S.  is  quite  exoepUooaL   ""^       "^ 
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GUNS. 


Weight  of  Hop- 
per, Drum,  Oar- 

Feed-boxorBelt. 

'1 

Empty. 

pnied. 

^1 

li 

lb.  oz. 
13    0 

lb.  oz. 
27    0 

20 

20    0 

48    0 

40 

20    0 

48    0 

40 

20    0 

48    0 

40 

0    7i 

8  12 

27 

6    2 

10  14 

50 

6    2 

10  14 

60 

0    7 

2  12 

20 

0    7 

2  14i 

fO 

0    7 

2H 

to 

0    7 

2  14i 

20 

8    6 

0    0 

60 

0    7 

2   H 

20 

0    7 

2  14i 

20 

28    8 

46    5 

60 

20    0 

56  12 

240 

17    8 

20    1 

100 

f  4    S 
1   2    0 

48  12 

18    8 

884     \ 
140     J 

r  1   8 
12    0 

20    4 
84    0 

160  h\ 
260  ej 

2    6 

17    0 

260 

Nature  of  AMMam- 

TlOlf. 


Solid  case,  steel  pro- 
jectile. 


H.H.,  solid  oue 
Oardner-GatUng 


M.H.,  solid  case 
Oardner-Oatling 
M.H.,  solid  case 
Oardner-Gatling 
'4-ineh,  solid  case 

M.H.,  soUd  case 
*66-inch  rolled  case 
Oardner-Oatling 

ft  f» 

t»  »» 

M.H.,  solid  case 


Solid  case,  stamped 
"0" 


Po wfle  r 
Charge. 


graJnB. 
6^  M.O.t 


626  „ 

625  „ 
85B.P.G.a 

86  .,  d 

85  .,  d 

86  „  d 
86 

86  „  d 
86 

86  ,.  d 
86 

86 
270 

86 

86 

86   ,.  d 

85 


81  (ooidite, 
size  81) 


7-26  oz. 
7'25oz. 
7-26  oz. 
7-25  oz. 

480  gr. 

480  gr. 

480  gr. 

490  gr. 

480  gr. 

480  gr. 

480  gr. 

480  gr. 

384  gr. 

480  gr. 
1422  gr. 
480  gr. 
480  gr. 
480  gr. 
480  gr. 
216  gr. 


Penetration. 


Perforates  ]"  steel 
plate  at  200  yards. 


Ik 

ft  av  m 

-'HI 

»il 

ill 
lis 


SameaslLH.  rifle 


t»  i» 


Diqitized  by  VjU 


NATCRB  OF  OUK. 


Nordenfelt,    I'O-in., 
2-bL,  Mark  I. 

Do.  do.  4-bl.,  Hk.  I. 

Do.  do.  do.,  Mk.  II. 

Do.  do.  do.  Mk.in. 

Do.,     •46-in.,    8-bl., 
M.H.  Hk.  t; 

Do.  do.,  ft-bl.,  Mk.  T. 
Do.  do.  do.,  Mk.IL 


Gardner.  '46-in.  1-bl., 
G.G.,  Mk.  I. 

Do.  do.  do.,    M.H., 
Mk.  I. 

Do.  do.,  2-bl.,  G.G., 
Mk.  I. 

Do.  do.  do.,  M.H., 
Mk.  I. 

Do.  do..  6-bl.,  G.G., 
Mk.I. 

Do.,  *4-in.,  2-bl. 


Do.,     ^S-in.,    M.H., 
converted. 

Gatling,  •66-in.,  Mk. 

Do.,    *46-in.,    G.G., 
Mk.1. 

Do.  do.,  O.O.,  (Ao- 
des'},  Mk.  I. 

Maxim,  *46-in.,G.G., 
Mk.  I. 

Do.do.,M.H.,Mk.I. 
Do..0'908-in.,Mk.I. 


b.  For  field  carriages  (Infantry  and  cavalry).  jqmzea  dv  vj  v_ 

€.  For  parapet  oanriages,  pack  transport  carriages,  and  oone  mountings. 
.  A  ooidite  oarriAflre  oas  been  approved,  {  7668,  for  use  in  all  0*46  maohine  guns  with  G.Q, 


oliambers 
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QUICK-FIRING 


Oss^iMOi,  Q.F. 

Fuhricnun  mmu 

Tam^  BirsATuo  Ca^Mtte. 

Mark. 

i 

IS 

f| 

lb    0£ 

\ 

=-1 

1 

1 

1 

1. 

i 

J 

SHoL 

Nature. 

i 

-St 

1 

Iboidr 

lb  OS 

lb  01  dr 

lb  OS 

Ibosdr 

Iboz 

lb  ox 

e-inch 

1. 11,  III 

- 

- 

-{ 

Va 

VI6 

100    0 
100    0 

7    6    0 
0  18    0 

rila 
live 

100   0 

0    7    0 
0  10    8 

le 

100    0 

1-f 

U 

0  10    8 

— 

— 

J  1 

4*7-inoh 

I  to  IV 

Ille 

45    0 

1  15    oi 

Ila 
1116 

45  0 

46  0 

2  15    8 
4    4    0 

45    0 

0    5    0 

}- 

1 

1 J 

4-inoh 

I 

le 

26    0 

0  14    0 

Ic 

25    0 

— 

— 

25    (^ 

— 

— 

__ 

— 

12-pr.,  12  owt. 

I 

le 

12    8 

0    0    8 

16 

12    8 

1    8    0 

— 

— 

— 

— 

— 

- 1 

12-pr.,  8  owt 

I 

- 

- 

— 

16 

12    8 

18    0 

— 

— 

— 

— 



— 

6-pr.  HotobkiM 

I,  II 

/ 

IIIc 

6    0 

0    4    0 

-- 

- 

- 

- 

- 

- 

6-pr.Norden(elt 

I,  II,  III 

J 

V 

ITa 

e   0 

0    8    0 

- 

- 

— 

- 

— 

j\ 
\ 

~  1 

.  HotohkiaB 

I,  II 

./ 

lie 

8    4*|ir» 

0    2    0 

- 

- 

- 

- 

— 

8-pr.Nordenfelt 

I 

^ 

i 

Ila 

3    4fi^ 

0    1    6 

- 

- 

- 

- 

- 

f 
1, 

a.  Iroi 

a 

6.  ( 

?Mt  Steel. 

e.  I 

'ofgedS 

teel. 
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DiSOUPTION  OF 
AMMUNmOH. 


Olurge  in  breas 
case,  with  electric 
primer  attached. 
Frojectile  separ- 
ate. Adapter  for 
^  percussion  firing'^ 
can  be  substitu- 
ted for  electric 
primer  if  neces- 
sary. 


Obaiige  in  brass 
case,  with  per- 
cussion cap  in 
base,  and  pro- 
jectile attaoned 
as  in  Small-arm 
Ammunition. 


FuU. 


Weight. 


lb  ox  dr 


S9  12    0 
IS    4    0 


12    0  C 

6    7  0 

8  12  0 

19  8 

18  8 

1  15  0 

C" 

1    8 
f      6 


Nature. 


E.X.E. 

Cordite;  size 
S0A4 

8.P. 

Cordite,  sixe 

20/14 
Cordite,  sixe 

15/14 
Cordite,  size 

10/14 
Cordite,  size 

10/11 

Q.F.1 


le,  size  \ 
711  [ 
F.a.a  J 


0BAR0B8. 


Reduced. 


Weight 


lb  oz  dr 
14    0    0 

8  0  0 
8  8  0 
2    2    8 


Cordite,  size  i 

6/11 

R.F.- 

Q.F.I 

Cordite,  size  a 
6/11        } 


Nature. 


P.ae 


8.P/ 

P.8« 

Cordite 


Saluting. 


Weight. 


lb  oz  dr 


8    0    0 


16    0 


16    0 


Nature. 


Blank, 
L.G. 


Oronakob,  Q.F. 


Nature. 


Blank, 
L.O. 


Blank, 

L.a. 


6-inoh  ... 


4-7-inch 

4-inch 

12-pr.,  12  cwt. 
12-pr.,  8  cwt. 
Hotchki88,6-pr. 

Nordenfelt, 

e-pr. 

Hotohkis8,8-pr. 


Nordenfelt, 

8-pr. 


I,  II,  III 


I  to  IV 


ICark. 


1.11 

I.  II,  III 

I,  II 

I 


e.  For  practice  from  Gunnery  Ships,  when  PS  is  available. 

f.  For  practice  from  Gunnery  bhips,  and  for  Land  Service  when  speoially  ocdered. 

g.  For  use  in  Gunneiy  Ships  only. 
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MOUNTINGS  FOR  QUICK-FIRING  GUNS. 


1 

.§ 

1 

a 

_c 

1 

Length. 

Height  of  axis 
of  trunnions. 

Weights 

OESIfAXOI,  Q.F. 

Nature  of  Mount- 
ing. 

1 

1 

1 

1. 

s 

555 

1 

1 

1 

1 

1 

a 

i 

* 

s 

^ 

i^ 

s 

1 



ins. 

ina. 

ina. 

ins. 

ins. 

ct.  qr. 

ct.qr. 

nch    1 

Central  pivot*    

I 

N 

20 

7 

80 

83 

254 

37-65 

44 

11B5 

PedeetalU.D 

II 

N 

— 

— 

— 

— 

— 

— 

91  tt 

— 

(  11,  in 

Central  pivot      

I 

L 

20 

10 

53 

- 

- 

32-625 

46-6 

56  t 

— 

-inch  ...J 

Upper  deck 

I,  II 

N 

20 

7 

eo 

82 

20S 

32-625 

43 

47  0 

— 

[itoIV 

Between  deck     

I,  II 

N 

16 

7 

50 

76 

202 

81-5 

43 

54  li 

— 

Pedestal 

III 

N 

20 

7 

09 

72 

207 

38 

45 

50  21 

— 

» 

f» 



IV 

N 

— 

— 

— 

— 

— 

— 

— 

44  2 

— 

nch        

,, 



IV 

N 

20 

10 

71 

102 

177 

40 

40 

S4  I 

— 

■pr..Howt      ...| 

ft 



I 

L 

20 

m 

66 

51 

138 

_ 

48-6 

18  2^ 

.« 

Ship 

II 

N 

— 

— 

— 

— 

— 

— 

— 

— 

— 

•pr.,  8cwt. 

Qeneral 

I 

N 

20 

16 

72 

81 

120 

35 

_ 

u 

_ 

field  carriosre     

— 

N 

8 

— 

55 

82 

137 

— 

32*6 

14  It 

— 

I 

Reooill 

I 

N 

25 

15 

26 

671 

102 

16-975 

— 

5S 

— 

)r.  HotcbkiM  .  ' 

Frame  stand       

I 

C 

18 

30 

41-5 

58-25 

1089 

- 

43 

U  1| 

— 

fembraeure    ... 

I 

L 

20 

20 







2a-8fiT 

_ 

8  2^ 

__ 

n 

EeooU-^ 

^ 

^oone       

I 

L 

20 

20 

— 

— 

— 

— 

43-435 

10  Si 

— 

I 

Recoil    

I 

N 

25 

18 

56-8 

44-6 

lOi 

— 

43-43 

16  2 

— 

>r.    Nordcn- 

I,  II 

Frame  stand 

I,  II 

N 

18 

25 



— 

— 

^ 



18  li 



telt 

fembrature    ... 

I 

L 

20 

20 

— 

— 

— 

22-66t 

•~- 

90 

_ 

III 

RecoU-; 

v 

V^cone      

I 

L 

20 

20 

— 

— 

— 

— 

43-438 

10  8 

— 

r  I 

Elastic  frame  stand    ... 

I 

C 

26 

35 

— 

— 

— 

- 

43 

70* 

— 

I 

ReooU    

I 

N 

25 

9 

23 

261 

104 



43 

5S 

^_ 

>r.,  UotohkisB- 

n 

Travelling  carriage    . . . 

I 

L 

12 

6i 

60 

97 

139*5 

— 

41-5 

U  8 

10  2| 

.n 

1*              »• 

II 

L 

12 

6* 

60 

97 

189-6 

- 

41-5 

U  3 

92 

C  I 

t               It          ••• 

I 

L 

15 

H 

60 

97 

139-6 



41-6 

US 

10^ 

>r.,Nordenfelt- 

\n 

»f              It 

II 

L 

15 

54 

60 

97 

139-6 

— 

41-6 

US 

0  2 

*  The  B.D.  mounting  is  6  inches  less  in  height  of  asdathan  the  U.D.,  and  gives  15  degrees  of  elevation  00^. 
t  The  B.D.  mounting  weighs  only  90  cwt. 
X  Weight  of  carriage  and  limber. 

\  Fitted  with  trunnion  bearing  adapters,  and  can  be  used  for  HotchUss  6-pr..  or  Nofdeofelt  I.  and  11. 
I  Without  shoulder  piece. 
1  Above  sill  of  embrasure. 

\\  The  shield  is  made  to  allow  of  6  degrees  depression  only,  and  must  be  cut  locally  where  16  degrees  of 
depression  is  required.  r^  A  ' 
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